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@ BngetrObte Kunststoffefemente \ 

Die Erfincfang betrffft elngotrObtB KurwtstofWemento, 
enthartend elne PoJymermatrfx In Antellen von 3*30 Gew-.<X» 
bezogen auf die Potycnermatrbc und ale teflchenfBr ml gafl 
TrGbtmgsmittai wobei <»e venvetztefl ff^Brtea. -e 
PoJymarisatbesteheridas v :, - ri * ' 

zu 9,0 Us 59^9 Gew.-4b bus einem oder rnefraren;radikaftsch 
polymertei e i btti an Mon ome/ a n A, die efnen ujoiiiatiachen ••■■V 
Rest errthaften oder nJcftt- w w i ia ttscheh Monpmeren A* # die — 
Halogen enthatten und / - 

zu 90 bis 40 Gew.^ausrolttfesen Monomer^ 
sterbarea eber von diesea vefachiedenog vioyfischsn Mo- 
noniexan B und 

• . , zu CL1 bis 20 Qew.-4b m tn deatens trinea vema&Benden Mo- . 
. iioinereaV und *- 
■ an 0 bfa tO Gew.-PJb etnee (stark) poteren Monome r en H .... ... • 

<aufgeb*ut ist mft der Mafigabe, daB 
a] der nVechungstadax das Polymarisats honor istafa der dsr 
IA Pofytrtaj malii* und daS 
CO b)(&mittieraBaffgr5fie der Parian 

§ 

III 
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Patentansprucbe 

1 Emeetrubte Kunststoff demerit* enthaltend cine Porymermatrix und ein teik^enfdrm^ TVflbunganit" 
PoWmermat^ 

zu 93 Mb 593 Gew.-* aus emem oder mehreren radikafisch polyme«BerbareTi Morymeren^A, die einen 

aromatecben Rest enthahen oder nknt-aromatischen Monomeren A', <fie Halogen entbateo «nd 

zu 90 bis 40 Gew--% aus mtt diese* Monomeren coporymcrmerbaren, aber von diesen versciuedenen, 

vinyfischen Monomeren B und „ 

zu W bis 20 Gew.-*b mindestens ernes vemel2ende»MoiKinier« vin^ 
zu 0 bis 10 Oew.-% emes (stark)polaren Monomeren H 

^^£S^S^^&T^tx^ Phoher tst als der der Pdrymennatrix {PM) und daB 

b) die mittiere Perfgrofle der Perien bei 20-50 ^ liegt , 
2. EinietrObte Kunststotfdemente gen&B Anspnich 1 dadurch gekeimzetchnet, dafl file durchZudosierung 
der vernetzten Perien in der Schmelze der Polymermatrix PAfim Zuge emes Ertnisionsverfahrens herge- 
stellt worden sind. 

Beschreibung 
Geblet derErfindung 

Die Erfindung betrifFt eingetrObte Kiinststoffriemente, msbesoodere geformte und ^ffcchige KwMoSde- 
mente f^Tsfch wmparen\a die sk* speziefl als licfat-Projekto^ Z.B. als Fernseh- 

projektionschirme eignen. 

. ■ ■ ri Stand der Technik 

VerschiedeneAufg^ 

AufgabOT geMrt ale Mattk^ ebenso wie die Herstefiung von ProjefaKsnsadiirmefi und 

sbnstieenoptiscbenDamenungselennen^ r ■ . . *. . f . 

Mafbetfesfrstt 

wenn iSl geeigneter A^ssungen als disperse Phase in einer Trfgerphase. Wbettet smdtmd bejde 

VeSSk h^n^«K>rgaiii$d»en Partfkdn wie z. B. Olaskugeto geeignete Porymerpartikel zur Bnbettung ui 

■^sSSftS d?^& 21 46 628 ein Polymensatkmsverfa^ zur Hersteflung von ^teflfeen i Porymer- 
panFkeln bekannt. wobei man in einem Monomeiensystem (A\ welches zur durch fireie Radflcafe bewtrkten 

AdditwnspoljTOetisa^ ; • . . 

8rbis9939<>ew^%eineanibnbatlnte ^ 
OuDl bii 3 Gew.-% mindestens emes . ' ■ 

5%is 50 Gew>%. bezogen auf die gesamte Misehung eines anderen losltchen thermoplastic 
meren vollstfii^ lost. und wobei dasersw 

SeUJsu^a^teideo Bedingungen tmterwirft bei denea das Monomersystem nritteb freter Ratfkafe unter 
BOdung von im wesaitBchen sphSrisch ge f onn te n vernetzten Pofymecpartiketa polymenaerV wobet fne Teil- 
chen tfne duit^st^ttliche TeikbengroBe im Berelch von 0,5 bis 30 nm aufwesen und m emer kontunnerlichen 
Phase sdes thermbplastiscberi Pb^ymerea&9>e^ertsind. -: , . ■ _ . <* 

DieJ*>rymerpstf^ 

sie z. a mh PulVera verpreBt oder dem^ritz^eflverfabren unterworf en werden koxmen. - ^ 

InFbnnvonLosungenfca^ 
Vyrnr^^A^ah M^ttTrningffft^ sowt© als Geanscne, <Se fur cfie HersteBnng von SkdrtscMrmen mtt rflck- 

wirtteerl^jeitfkm^ . 

Aus der DBOS 2t46 607 sind ferner dtoefascfaemendebbopakel^^ 
ce vernetzte Additk>mporymerpa^^ 87— 99,99 Gew.-9fe, mindestens eines monoethyieniscb unges&tttgten 
Monomeren und W bis *Gert* ^n?™?™^ 

eines Ad(fin<xQspolymerisats» enthahen, wobd das Adsfitknapo lyiu c iiiat m den venmsctrten MoaKwneren kOsncn 
sein soU Vorzugsweise crith&tt do K tu i s t stoffg eg u sch noch zusatzflchea, nibchpolymerisieTtes Vernctzung&mit- 
lei Alt Anwr nj^f TW * g g h 'g fe werden selbsttragende, durchschexnende KjumtsloCTplatten, Folie nb n h n en tL ft. an* 
ffegebat Dun* Aufs«<lh^ 

A^erdem solten skA dk^Geinische fflr Bildsdtinne mh rOckwartiger Projektion es«neiL . 

Die JP-OS 8093 102 (Chem. Ahstr. 9X 240 792 y) beschreibt tieotstreu ende Ac ryfearzplatteay die mrttds 
Bandpolymerisatioo aus Acrylhzrzfikn und AcryUtnxMwnenen, die ein Oditstt cuciKk rs Mtttel enthalten in 
Sandwtchkonfigoratkio gewonnen werden. , m - 

Aus der JP-OS 81 1 1 7 225 (Chem. Abstr 96,86627 b} sind optische Schirme bekannu die in einer Rlcbtung cine 
brehe Lkfatdhtuskiiiswirkung uiid m 

Hergestellt werden sie durch Knbeitung gepurverter Gfasfasem in nxxfifgiertem Acrylhaiz opd anschhcBen- 
der etnachsiger Reckung. gefolgt von einer SchluBbeschicbtung mit einer ruBhahigen Acryiatschicht. Lschtstreu- 
ende Acryiharzscheiben als Projektionsschirme sind Gegenstand der JP-OS 8205742 (Chem. Afcwtr. 96, 
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200 748 al wobci die gewQnschte Lichtstreuung durch eingebettete QuarzkGgekAen mi 1 0,5—20 jim Durchmes- 
ser in PMMA erreicbt whtl Laut OB^PS 1585338 erhah man Ochtstreoeode Ptatten mil besserer optischer 
Auflftsunt CTdBcrcm optiscben Halbwertswinkel und gr58erer Flexibility als gewOhnliche glasfaserhaltige 
Plal^ w^nn man tCunststoffplatteo verwendet. die mil Gladcugeln gefOllt simL Die Glaskugeln haben Durcto- 
messervon 0UD01 bis 0,05 mm. Ah Trigermaterialien wmlen Tbermoplasten wie Cefluk>seester t Polycarbooat 
Polyarykuifoa, Polystyrol oder Acrylharze genannt 

Aufgabe 

Die L5stmgen des Standes der TechnBt bezOgftch Murchscheinende bb opake ftunststoffgemische and deren 
Verwendungz. a zur Herstdhtng von Ratten- oder FofienmateriaT konnten indessen mcfat vofl beCrie^gen. 
Insbesondere «fad hinsichtiich der ESgmn*? als optische Projekxknzncfairme ^ jAjn P r ^^^°J^ t 
worden-Zufbidernwaa insbesondere a^^ 

LSsung 

Es wnrde nun geftmden, daB eingetrubte, insbesondere gefonnte fliduge KunstatofFetemente die Anforderun- 
gen anoptiscbe l^jeilio^^ spezieO Fernsehproje^ in bewnto 

man einer Polymennatrix {PM} in AnteOcn von 3-30 Gew.-%, bezogen auf die Pdymermatm (PAft ▼ernetrte 
PeHen zusetzt wobeidie vernetzten Perkn aus Polymerisat Pbestebeadaa ^ ^ ^ . 

zu 9,9 bis 5VGev.-% aus emem oder mehreren ntrfftrafisrli pofrmereierbaren Monomeren A, me etnen 
aromatisdienRestenthalten 

zu 90 bis 40 Gew.-9b ans mh diesem M on om er en oopotymexisierbaren, aber von <fiesen venciuedenea vinyli- 
ichen Mouwijeiai Bund 

zuftl Iris 20 Gew^^b mlndestens ernes veragtzeodcn Monomeren Kund 
ru 0 Iris 10 Gew.-% eines (stark)poteren Monomeren H 

aufgebautistmitderMaflgabcdafl . f # . . ft 

a) der Brechnungsindex des P^meris^ 

b) die mittiere PerfgrOBe der Perien bei 20-5Ojun. vorzugsweise bei 20—35 *un B^t. . ^ M 
Unter den nufikafisch poLymerisierbaren Monomeren A, die einen aromatscben Rest cnthalten seien Mono- 
mere der Formd 1 
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worm At far einen gegebenenfalls subathuierten aromatischen KohlenwasserstofTrest rait bis zu 12 Kohien- 
stoffoomen, vorzugsweise einen gegebenenfalls mh Q-CVABcyiresten oder mit Fluor. Chlor oder Brom oder 
beiden Substhuenteiriypen substi tuierto a 

R fOr Wasserstoff oder Methyl A V V ■ ■ 

R* fur emeagegebeaenfalls verzweigten ADcjrtemrtmrtl b»8KoUens*onatomen 

/jfflr null oder eins 

m fOr nufi oder eins und •-. • „ ' „ 

n far nuflcxiereins mit der MaBgabe,da^ soU 
vemandea Die nur aw Ktaiomeren der Fon^ 

einen Bredningsindex A^/ von > 1,56 aoL y : 

Vorzugsweise handeh es jach bei den Monomeren der Forme! I am Srynri und seine mctbyisubstituierten 
Dcrivate wie das o-Metl^.irodjdas j^Metbylstyrol das /^Ethyktyrol sowie halogenierte Derivate des Styrob 
wie das x^lorityroL Wdter konimm 

acrylat, Xylyle^etfaaaylat-v^iayi^ insbesondere <fie /n-Fonn, 4-Meti^henylacrylat und -methacrytat, 
2-Pbenyietbylacrytat und -methicryiat ^ Phenyl- 1-propylmethacryiat und -acrylat, 2-Phenyl-oxycthylacrylat 

und*metli»3yialbifrage> - --.^^ . . . ^ . , 

Unter den nicbt-aromatisdien Monomeren A\ die Halogen entbaltenu seien solche verstandea cfie insbeson- 
dere Chlor oder Brom m nicht aktivterter v demnacfa fcicht hydro&ierbarer Bindung cnthalten. beispiebweise die 
tr-Chlorund c^Bfomacryl- und -niethsKrybtEflareester von CHVABcobolen wie z. B. der o^Oikirscrytiaiireme- 
thyleater.tonerViigi^^ m _ . J - 

Unter den vinyftsch copuly inei iaiutiaren Monomeren Bsejen mAesonde r eaokiie der Fdrmei U 

R 

CH=C— COOR rr (TO 

worin R fur Wasseretoff oder Methyl and R* fQr einen gegebenenfafls verzweigten, gegeb enenfall s eyefischen 
Alicylrest mit 1 bis 8 Kohleastoffalottnea wobea cfie eyefachen ADryireste vmzngiwegse urindeatens 5 RiqgM>- 
lenstofiatome besitzen. Von den Monomeren der GruppenA B und Cktanen jewetis such versdriedene 
Vertreter eingesctzt wenfca, soweh <Ses in der Wirkung den angegebeaec Merkmalea rataprkfat. Diennraus 
Mono m eren der Fonnd ITgebfldetei Hocno- und Copoiymerisatc weisen in der Regd einen Brrrfniftgwndex Afa 
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von < 1,51 auf, im allgemeinen < 1,49. 

Vorzugswelse werden die vinyiischen Monomeren B so ausgewahlt, daB die (dilatometrisch ermittelte) resul- 
tierende Glastempermtur T 9 ernes daraus hergesteUten Polymeren bzw. Copolymeren mmdestens 80°C betragen 
wfi rdc (Zur 7> and den BettrSgen der Monomeren vgL Brandrup-lrmiiergut, und & Vleweg, F. Esser, im iCunst- 
i stoff-Handbucfa, Bd. DC, Hanser-Verlag 1975, pp 333— 340; TjG. Fox BuIL Am. Phys. Soc 1, 125, 1956.) 

Besondcrs bevorzugt besteht das vinyfoche Monomere flganz oderzu mindestens 40 Gew.-% aus Methyimeth- 
acryiat. 

Unter den vernetzenden Monomeren V, seien die an sich befcannten radikaiischen Vernetzer verstanden. Die 
vernetzenden Monomeren beshzen Qbiicherweise mehr ais eine radikalisch porjrmerisierbare Einheit im Mole- 
to kOL Genannt seien solche mit zwei vinyuscfaen Gruppen wie Dfvtnyibenzol femer Acryi- und Mewacryisaure- 
ester und -amide von Polyolen wie Gl^kii(inem)acrylat, 1,3- and M-Butandio<ineth)acTyiat f Trimethyiolpro- 
pantri(mcth)-ftcryiat, Teti^thylengfytokii(meth)acrylat usw* weiter Monomere, die Vinyiiden-, die (verkappte) 
Amtdmethyk>K Carbaimdmethyk^aifaer-, Azbcton- and Epoxygruppen enthahen, wie N-Meihyloi(meth)aaryJ- 
amid, Memylciibisacrylainid und inethacryiaiirid, Glycidyl(meth^cryBit insbesoadcre aucfa vernetzendc Mono- 
n mere rok ungesftttigten Gruppen abgestufter Reaktmtat im Molekfil wie me Vinyl ATJyi- and Ootyiester der 
Acryl- und/oder MethaayisJLure. (VgL FL Raucb-Puntiganx Th. Vdlker. Acryi- and Metbacofveroindungen, 
Sprmger-Veriag Berlin, 1967.) Die Vernetzung soil ill bewirfceo, daB die Perien bei der Verarbeitung bei 
erfiflhter Tempera tor (bis cm. 300" C) mcfat aufwc^melren. 

Zur Hersteflung der Perien 

Die Perlpolymeraate werden in bekannter Weise nacfa den Verfahren der Perfpolymerisation hergesteiit Bei 
diescm Verfahren werden die Monomeren A, Band Vals diiperse Phase durch Emwirtamg meehaniscfaer Krfifte 
(RQhrong) in ernem NWitltanupnittel (bontrnmerficbe Phase) verteflt and in dieser Form pcJjymerisiert Das 
2\ gebildete Pofymeraat ist ubcrwiegend im Monomeren kfefich. Unter dem Emfrafl der GrenzflSchenspaitnung 
bikiet das Monomere kugelfdrnugeTropfen. Um die Tropfenfonn wflhrend der Polymerisation zu erhalten und 
das Zusarnmenlauf en von Tropfen zu verhinderiv setzt man dem Polymerisatkmsansatz sogenannte "Disperga- 
toren* oder Vertener (Sciratzkoloide) zu, vorzugswelse Sobstanzen, die sen nach beendeter Polymerisation 
~ vollstahdig 

m Der ^ert^er* bewirlct, daB cBc emmil gebfldetcn MoDomertrtJpfdien soweh stabiasiert werden, daB eine 

: V^ 

Ais kon linul ei B ene Phase i ~ei" m en i et man m der Regd Wasser. Ah zur Poryniemation geetgnete Monomere 
kommen daher primlr scbweri&siicne bis wasserunldshche, radikaflsch polymerisierbare Monomere in Frage. 
(VgL Houben- Weyi 4w Auffage, Bd. XIV/1 ^aloomolekulare StofTe*, S. 406— 433* CL Tmenie- Verlag 196 1 .) 
j» Ais VerteBer kommen (wassero nl ft di c f y) Salze anorgardscner Siurea wk BarinmsumU oder Bariumcarbonat 
oder hochmoiekulare Naturstoffe oder synthetische Pofymere in Frage. Zu der Gruppe der hochmokkul&ren 
Verteiler gehfiren wassertoalicbe KoBoide, wie Polyvinylalkob^teifweiseverseif 

Jiijbse^lStgrke, Gelatme, Pekdn, die Afkafitahys der Poryacryteaurc oder die Alkalis* by von Styrol- oder Vinylace* 
: UuM^ems&i^^ 

- 40 - - gen zur Monomercnpbase Ucgt meist bet 2 : 1 bis 4 ; L Bd der PerlpoIyzDerisation werden bekanndicb Starter 
: ]^CJZ' eingesetzt» die in erster Niheruhg im Monomeren l&afich, aber in Wasser unlOsfich smd Metstens Kegt die 
' ang bei 0,1 bb 1 Gew.-9b, bevorzugt um 0$ Gew^-%, bezogen auf die Monomeren. Ais 

Starter kommen idle Qblichen im Monomeren IMichen orgamschen Peroxide oder enfsprechende Azoverbin- 
dungen zur Anwendung, wie r. B. Dibenzoyiperoxid, LauroyiperoxkL Azoisobutyronitrfl. Radikalbildner mit 
/ bOhercn Zerfallstemperaturen kfinnen z n st r r h c h ver w en del werden. wenn gegen R c a k t ions ende zur xnflgiicbst 
voustancUgen Pb^ymerisation die Temperatur gestajga t wirdL Vic PerlgrdBe UBt sich in dem beanspruchten 
^ ^ Rahmenzwischen20und50umemsteilen. 
; 5^ ^ gegebenenfaus Regfer* wie z. B. die Qblichen Schwefelregier t 

- n ^ k-BL aliphatfsrhe Mercaptane wie I^urylmercaptan, tert. Dodecytmercaptan zugesetzt werden. Das gewichts- 
"»o mrtuere Molekulargewicht M w des errmdurtgsgemaB verwendeten Po^ymerisats P fiegt Im aHgemeinen im 
~ ^ ~ "* -"BeViei^ von 1 Sis 2 10 5 g/Mol; ais Richtwert sei ca, 10* g/MoJ angegeben (Mm-crnatte^t durch Gelpermeanons* 
u duxmiatographie). 

reefer oder nat&rlk^Wach^ 
« Die praktiscfae purdinllirung kann so erfolgen, daB das Waster, die Monomeren A, B und V, Starter, 
Dis pej gjcrm ittel jund gegebenenfaBs Glehmitte! nitnmmm vorgelegt und dann erhitzt werden, beispielsweise 
auf ca. 90°C GegebenenfaBs wird die flberscfaussige Po^ymerisslirtrtswanne; besonders ab 95°Q durch fluBere 
Kuhiung abgefOhrt. Die Temperatur wild H5*C nicfat flbersteigen. Die Dauer der Poiymerisatioa Iiegt im 
Bereich von 1 bis 5 Stunden. Die Viskoshfit des Porymerisationsansatzes (gemessen mh dem Brookfield-Viskosi- 
ni meter) Segt im afigenieinen ire Berekn z w uclioi 8000 und 800 mPa * & 

Die zum TeO reaktiven Gfeftmlttel werden vorzugsweise erst ab etwa 209b Unuatz zugesetzt Auch der 
Zusatz von Regiera kann im Verfauf der Porymerisadon erfolgen. 

Nacfa. Reaktkxtsende werden die Perien im aHgemeinen durch Fihratra oder Zem^rifusation abgetremit 
Anhaftende ZusStze kOnnen auf geetgnete Weise, beispielsweise durch Waschen mil verdunnter Saure und 
b5 Wasser entf ernt werden. Die Perien werden hlnftg unter Ri u/iii h^ii, voTm ^urek e tqi t y^uf txtn rrw^^ 11 "^, getriyV- 
net, z. R in HordenschritakeiL 
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Die Pdym ermatrxx PM 

Bei der Pblymermatrix PA£ welcber die Perien zugesetzi werden, handelt es rich inn, in der Regel transparen- 
te, im aUgemeinen tberrooplastisehe Kunststoffe, wk sie rum Zweckder Uchtprojektion berchs Emgang in <fie 
Techmk gefonden habcn. "> 

Dat VerfaUtnia zwfecben Pond PAfwird u. a. dadurcfa bestimmt, daB die Differenz der BreclwngrincSces no Mc 
mmdeatensdenWmCMX^vorzugsm 

Ak geetgnete Knnstatoffe fQr cfie Polymennatrn fcommen Porystyrole, PVQ Polyvinyiacetat. FDrycarbonat, 
F\>lyolefine and insbesondere Acryflxarze in Frage. 

Unter Acrytharxeo im Siane der varfiegenden Erfxndung seien Polymerisate veretanden, (Be za mindestens "> 
50Gew.-% ass mooomeren Estern der Acryi- und/oder der Metfaacrytsanre, mxbeaondere der vora Typ der 
Formel II aufgebeut ami ^ 

Zur HersteHimg der erfmdungsgemlBen eingetrfibten Kimststoffefemente mfissen (fie ans dem Polymensat P 
bestehenden Perien in die Polymermalrix emgebracht und dann verteflt werden. 

Ab beaondera uberrascfaend muB betracfatet werden, dafl es gefingt, im Zaje ^VcwWtang der Polymer- »» 
matrix PAT mh Hflfe von Extntdero <Be Perien cmzubrmgeiL Dabet wcrden die Perien m die Extradenchmefee 
etxtgetragen. 

Ei war mcfat zu erwarte^ dafi a) die Ptrlen imter den Tteper^ 
Gestah beibehahen wQrden end b) daB die zcr tngectrebten UJiVUi euwirkung nntrrftngi ootwtJKfige homoge- 
ne Verteflnng der Perien eroelbar teL Parflber Irinaua wurde Oben-ascfagnderweise der cbcnfelfr fur die erf o r- x> 
deriiche I J d ilau e uw i rfamg notwenfige Sprung der Brecfazahl an den Gr enTf ttrhm z wiachen der P ojymerm a- 
frrr Pfrf ttiui d en Pc^y»»grifiaipgjien erogh. Es stand za bcfiuUilen daB meser Sprang fan Verianf der Bi rr hmM 
an den a g Grenzflflchen durch Diffaskinavorgfinge "emgeebnef wQrde — wie es z. B. beim Einbringen der 
Perien in polymerisierbare Monomeregesefaieht - was m enter raterwunsdbten Ve^ 

resuhieren wurde, 25 
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(54) LIGHT-SCATTERING ACRYLIC RESIN COMPOSITION T 
(57)Abstract: 

PURPOSE: To impart high light transmission properties as well as high light scattering 
properties, by blending a crosslinked polymer and fine inorg. compd. particles with an 
acrylic resin for use as a material for lighting cover. 

CONSTITUTION: 1W20pts.wt. crosslinked polymer and 0.1 WSpts.wt. fine inorg. compd. 
particles are blended with 100pts.wt. acrylic resin. Examples of the acryolic resins are N 
methyl methacrylate homopolymer and copolymers mainly composed of methyl 
methacrylate. Examples of the crosslinked polymers are polymers having a particle size of 
3QW300ji obtd, by polymerizing a non- crosslinking monomer mixture of 1 0W90wt%- 
C1WC4 alkyl methacrylate, 1W50wt% arorri. vinyl monomer and 5W50wt% C1WC8 allQrl 
acrylate and 0.3W3wt% crosslinking monomer. As the fine inorg. compd. powder; at least 
one member selected from cajcium carbonate, barium sulfate, etc. is used, and calqwm " 
carbonate is particularly preferred. ""^ ^■■>^ : '^ 
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(21) Application number 


: 60-000150 (71)Applicant : ASAHI CHEM IND CO LTD 


(22)Date of filing : 


07.01.1985 (72)fnventor : HAYASHI MASAO 



(54) LIGHT-SCATTERING ACHYLIC RESIN COMPOSITION 
(57)Abstract: 

PURPOSE: The title resin composition having a high light scattering propertyand a high 
transmittance and suitable as a material for lighting covers, obtained by adding a 
crosslinked polymer of a specified composition to a methyl methacrylate polymer. 
CONSTITUTION: 10W90wt% alkyl methacrylate in which the alkyl is of 1W4C (e.g., methyl 
methacrylate) is mixed with 20W40wt% aromatic vinyl monomer (e^g., styrene) and 
5W50wt% alkyl acrylate in which the alkyl is of 1 W8C (e.g. t butyl acrylate). 1 OOpts.wt 
obtained noncrosslinking monomer mixture is copolymerized v^ 
crosslinking monomer (e.g. , allyl methacrylate) to produce a crosslinked polymer of a 
particle diameter of 30W300p. 1 W40pts.wt. obtained crosslinked polymer is added to 
1 0Opts.wt methyl methacrylate polymer to obtain the purpose light-scattering acrylic resin 
composition. • [\ jjLui' - 
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REFRACTIVE INDICES OF POLYMERS 



L. Bohn 
Hoechst AG 
Frankfurt/ Main, Germany 



table presents the refractive indices ofjxjlymers in order of increasing n^. It contains mainly homopolymers but a few copolymers of special technical interest 
C been induced. Temperatures are in °C. 
^^kmnrtpg E tocial remarlts mav bc helpful for the calculation of approximate refractive indices of other polymers and copolymers. 

jjujjiilgr n( ^- fractive to* 0 ** 
cU *entz-Lo«nz Equation 



2 2 
(n - l)/(n + 2) = R/M p = r p 



O) 



fi&irela tc3 



the refractive index n to the density p, the molecular weight M and the molar reactivity R, where R/M = r is the specific refractivity. It seems to 



[flic reasonable to assume that the molar refractivity R of a polymer molecule is the sum of the molar rcfractivlties of the monomer subunits 



i. e . Re DP R,,, 



DP " Ihe degree of polymerisation. With M e DP - M M ( M w = molecular weight of the monomer unit) the Lorentz-Lorenz Equation Tor polymers may be written 

2 2 

(n - l)/(n +2) - R w /M P = r w p (2) 



M M 



M 



taining only the refractivity of the repeating unit. 

r feng incremental atomic or bond refractivities (1 -4) the refractive indices of various kinds of polymers have been calculated according to the above Equation (1} 
^^gi»e fairly good agreement with measured values. 

tfractiv e Indices of Copolymers (Monomer A and B) 



the refractive indices and n^ of the corresponding homopolymers are known, a rough estimation of the refractive index n^ of a random copolymer 

be obtained by interpolation with respect to the composition by weight (5) : n . = c n + (1 - c ) n . 
* " A B ■ A A .AB 

as well as the density p of the copolymer are known. It is advisable to 



fft ipore exact calculation is possible, if the densities and of the homopolymers 

s*oLl£nlate first the specific refractivities r and r from n , "p and n . p ~ by use of the Lorentz-Lorenz Equation. By interpolation with regard to the weight 

Ifesatentsr « c r + (1 - c ) r is obtained.. B Viththi$ A r A and the toown density- p the Lorentz-Lorenz Equation gives a fairly accurate refractive index n 
«£v AB A A A B AB . . AB . w / A 

|£lbe calculation methods described are applicable in the same wayto multi- phase systems like ^blends, block or graft copolymers or partially crystalline polymers, 

j^*** P h2St dimensions are we U below the wave length of ■ light i---.- ". ' ■ ^ i : ■ 

I Tcmpcratiire Dependence (dn/dT) ^. . _ • . *...■*'. 

^Fiom tbe Lorentz- tor en z Equation the following expression can easily be derived: 

....... 2 2' 

(n + 2) (n - 1) . 1_ d_p_ 



dT 



6 n 



P dT 



-q(n)or (3) 



yfcs \fhett or = - dp/pdT is the thermal expansion coefficient. q(n) increases from 0.46 (n = 1.4) to 0. 59 (n « l.S) to 0.74 (n = 1.6) in thejefracttve index range of 
*^t,talerest far polymers. With or <■ 1.5 ... 2.5 x 10 / C for hard polymers below their glass transition temperature and or - 5. . ./7x 10 / C for amorphous poly- 
*■ sabove their glass transition temperature the following rough approximation may be. obtained : . 



* dn/dT -' = 1......2 x 10./.C for glassy polymers, 

t^*,- . ■ - - dn/dT = 3 T .. 5 x10 / C for amorphous polymers above the glass transition. 

Sartiilly crystalline polymers which axe ductile in character like poly olcHrii, aliphatic polyesters 2jid celiulosic resins, have intermediate values. , 

I-group re fr activities are always more or less different -from the refractivity of the repeating unit 6 f the chain. Therefore the refractive index of the whole poly- 
r may strongly depend oil the chain length at, very low degrees of polymerization. ' Knowing the refractivities of endrgroup and repeating unit the degree of poly- 
ia " on cao be obtained from the refractive index (5). " In polymers with "more than 500 to ioOO chain atoms the refractive index has approached a limiting , 



-4,o 

1 V.2 x 10. /. C 

i -4-o" 
3 T 5 x 10 / C 



- n*- j."*"*^ >*<■*=? 


T C-" 


^- 








1 .339 


25 


' 1.346 - 


25'. 






1-348 ^ - 


-25 


.1.35 (-1.38) . 




1.356 




1.360 


25 


1.360 


25 


1.364 


25 



Polymer 



V 


- . T C 


1.367 


25 


1.375 


25 


1.380 


25 


1.38S 


. 25 


1.390 


1 25 


1.392 


25 


1.407 




1.412 : 


25 


1.4177 


20 


1.41S5 . 




1.419 


25- 


1.42-1.43 - 





^oroethylcne -co -htxafluoro propylene) 
^.Mpentadecafluorooctyl aery late) 

ifluoro-3 -OiepUfluoropropoxy) propyl 
*ayUtt) * 

^(^fhjoxo-3-CpentafluQroethoxy) propyl 

'auoroethylene) 

fuadc «n"crohexyl acrylate) 

^^fluoropentyl acrylate) 

\ ^^oro-a <tri Onoromethoxy) propyl 
4 **aylate) 

~Wfluorovinyi propionate) 



^SjttetraQ 



Poly(heptafhiorobutyl acrylate) 
■ PolyCtrifluorovinyl acetate) 

Poly(octafluoropentyl acrylate) 
" Poly( pen taflnoroprbpyl acrylate) 

PolyC2-fheptafUiorobutoxy)ethyi acrylate) • 

Poiy{2 , 2 . 3 , 4 . 4 , 4 -hexa fiuorobutyl a cryl ate) 

PolyCtrifluoroethyl acrylate) 

Poly(2-{l , 1, 2, 2-tetrafluoroetboxy)etbyl acrylate) 

Polyftrifluorbisopropyl melhacrylate) 

Poly(2. 2. 2-trifhjoro-l -methylethyl methacrylate) 

Poly(2-<trifluoToethoxy)ethyl acrylate) 1 

Polyftrifluorochloroethylene) 
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REFRACTIVE INDICES 



Polymer 

Polyfvinylidene fluoride) 

Poly(dimethyUilylene) (poly(dimethyl sllaxane)) 

PolyCtrifluoroettyl methacryUte) 

Polyfcxypropylene) 

Polytvinyl isobutyl ether) 
.- Polyvinyl ethyl ether) 
Poly(oxyethylene) 
PolyCvinyl butyl ether) 
Polyvinyl pentyl ether) 
Polyf vinyl hexyl ether) 
Poiy(4-m ethyl -1 -pentene) 
Cellulose acetate butyrate 

Poly(4 - fluoro -2 -tri fluoromethylxtyrene) 
Polyvinyl ocryl ether) 
PolyCvinyl 2-ethylhexyl ether) 
Polyvinyl decyl ether) 
Poiyf2-methoxyetbyI aery late) 
Polyfbutyl acrylate) 

Poly(butyt acrylate) ■ - 

PolyCtert-boryl methacryUte) 
PolyCvinyl dodecyl ether) 
PolyC3 -ethbxypropyl acrylate) • . . " y . ■ , 
PolyCoxycarbonyl tetr am ethylene) 
PolyCvinyl propionate) "' * r " "J " 

. Polyvinyl acetate) * ' 5 ' 

PolyCvinyl methyl ether) -V''''" 
PolyCethyl acrylate) 
PolyCethylerie -co -vinyl acetate) 

(80 % - 20 <?fc vinyl acetate) 
Cellulose propionate 
Cellulose acetate propionate 
Benzyl cellulose 
Phenol -formaldehyde resins 
Cellulose .triace tate ^ 
- PolyCvlnyl metny retber)' Clsotactic) 
Polyfa'-methoxypropyl acrylate) : 
'• Po%S^th6xyetbyl acrylate) 
Polyfmethyl acrylate) 
PolyClsopropyl melha cry late) 
Polya -decene) 7 
: Pol y(Pf°Pyi«eHatacric. density 0.8575 g/cm 3 ) 
Poiy(vinyl'se'c-butyl ether). (isotactic) 
Poly(dodec)rl methacrylate) 
P°l)tda7etrrylen^ 

(polyCethyiene succinate)). ^ ' 

Polyftetradecylj^ethaciyUte)^ . - 
PolyCeth^erie'^cp -propylene) (EPRrnibber) 
Poly^exadecyJ^ethacrylate) . ' - V 
Polyvinyl formSte^ V' ! - 

Polyf2-fhjorpethyl methacrylate) - 
Poly(isobutvI methacrylate) . * . 
, Ethyl cellulose p ■** : . : . 

PolyCvinyl acetaQ * : - .V 
Cellulose acetate 
Cellulose tripropionate 
Polyfoxymethylene) • 
Poly(viriyl butyral) 
PolyCn -hexyl methacrylate) 
Poly(n -butyl methacrylate) 
Poly(ethylidene dimethacrylate) 
Poly(2-ethoxyethyl methacrylate) 
Poly(o3cyethyleneoxymaleoy0 

Cpolyf ethylene maleate)) 
PolyCn -propyl methacrylate) 



T C 



1.42 


25 


1.43 




1.437 




1.4495 




1.4507 


30 


1.4540 


30 


1.4563 


30 


1.4563 


30 


1.4581 


30 


1.4591 


30 


1.459-1.465 




1.46-1.49 





1.48 
1.4613 
1.4626 
1.4628 
1.463 
1.463| 
' 1.468 
1.4638 
1.4640 
- r -1.465- 
.1.465 
1-4665 
1.4665 V * 
1.467 
1.4685 
. 1.47-1.50 

1.47-1.49 1 
1.47 

1.47-1.58 
1.47-1.70 
1.47-1.48 
1.4700 : 
i.471 
1.471 

1.472-1.480 
1.4728 
1.4730 ^ 
1.4735 
" 1.4740. 
1.4740 
1.4744 

1.4746 
1.4748-1.48 
1.4750 



30 
30 
30 
25 
30 
20 

'20 
30 

25 

50 

20 

20 

20 

20 



30 
25 
25- 



20 
30 
20 
25 

30 

30 



1.4757 , 


20 


1.4768 


20 


1.477 


20 


1.476 


21 


1.48-1.50 




1.48-1.50 




1.48-1.49 




1.48 


20 


1.48-1.49 




1.4813 


20 


1.483 


20-25 


1.4B31 


20 


1.4833 


20 


1.4840 


25 


1.484 


25 



Polymer 

PoIyC3,3.5-trimethylcyclohexyI methacrylate) 
Polyfetbyl methacryUte) 
4 Poly(2-nltro-2-methylpropyl methacrylate) 

PolyCtriethylcarblnyl methacryUte) 
* Polya. 1 -die thy Ipropyl methacrylate) 
. Polyfmethyl methacrylate) 

Polyf 2 -decyl -1 . 3 -butadiene) 
Polyvinyl alcohol) 
PolyCethyl glycolate methacrylate) 
PolyC3-methyIcyclohexyl methacrylate) 
. PolyCcyclohejcyl or-tthoxyacrylate) 
Methyl ceUulose (low viscosity) 
Polyf4-methylcyclohexyl methacryUte) 
Poly(decamethylene glycol dimethacrylate) 
Polyfurethanes; 
Polya. 2-butadiene) 
Polyvinyl formal) 

Poly(2-bromo-4-trifluoromethylstyrene) 

Cellulose nitrate 

PoIyCsec-butyl Qr-chloroacrylate) 

Polyf2 -hepty I -1 , 3 -butadiene) 

PolyCethyl ff-chloroacrylate) 

Polyf2 -ixopropyl-l , 3 -butadiene) 
Poly(2 -metby Icy clobexyl methacrylate) 
Polytpropylene) (density 0. 9075 g/cm) 
Poly(isobntene) 
Poly(bornyl metfaacryiate) 
Poly(2-tcrt-butyl-i,3-butadiene) 
PolyCethylene glycol dimethacrylate) 
PolyCcyclohexyl methacrylate) 
PolyCcyclohexanedloI-l, 4- dimethacrylate) ■ 
Butyl rubber (un vulcanized) 
Polyftetrahydrorurfuryl methacryUte) 
Gutta perch* O) 

PolyCethylene) lonomer *: 

PolyCoxyethylene) (high molecuUr weight) 

PolyCethylene) (density 0 . 914 g/cm ) 

Cdenxity 0. 94-0. 945 K/crrj 3 ) 
(denriry 0. 965 g/cnO 

PolyCl-methylcyclohexyl methacryUte) . 

Poly(2-bydroxyethyl methacryUte) 

PolyCvinyl chloroacetate) 

PolyCbutene) Clsotacrlc) 

PolyCvinyl methacryUte) 

PoIyCN -buty> methacryUmide) 

Gutta pexcha (a) 

Terpene resin 

PoW. 3 -butadiene) 

Shellac 

PolyCmethyl or -chloroacryUte) 

Poly(2 -chloroethyl methacryUte) 

PolyC2 -dietbylaminoethyl methacrylate) 

Poty(2 -chlorocyclohexyl methacrylate) 

PoIytl.3-buUdiene) (35 <fr cis; 56 <* trans; 7 «Jfe 1,2- 

content) 
Natural rubber 
PolyCaUyi methacrylate) 
PolyCvinyl chloride) * 40 % dlocryl phthaUte 
PolyCacrylonltrile) 



1.485 
1.485 
1. 4868 
1.4889 
1.4889 
- 1.4893^ 
1.490 
1.4899 
1.49-1.53 
1.49Q3 
1.4947 
1.4969 
1.497 
1.4975 
1.4990 
1.5-1.6 
1.5000 
1.50 
1.5i. 

1.50^1.514 

1.500 

1.5000 

1.502 

1.5028 

1.5028 

1.5030 

1.505-1.51 

1.5059 

1.5060 

1.5063 

1.5066 

1.5067 

1.508 

1.5096 

1.509 

1.51 

1.51- 1.54 
1.51 

1.52- 1.53 
1.545 
1.5111 
1.5119 \ 
1.512 
1.5125 
1.5129' 

• 1.5135 -. 

1.514. 

1.515 

1.5154 

1.51-1.53 

1.517 

1.517 

1.5174 

1.5179 

1.5180 



20 
20-25 
20 
20 
20 
23 
20 
20.5 

20 
20 
20 
25 
20 



20 
25 
25 



30 
20 
20 

20 
• 24.6 
20 
20 - 
20 

20 



20 

20: 

20 
20 
20 
25 

20 

20 
50 
25 
25 

.20 
20 
20 

20 . 



PolyCmethacrylonltrile) 
PolyO. 3 -butadiene) (high els- type) 
PolyCbntadiene-co-acrylonltrlle) 



1.519-1.52 
1.5196 
1.52 
1.52 
1^5187 
1.52 
1.52 
1.52 



25, 
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Polymer 



PoJy(mtthyl Iiopropcayl ketone) 
Poly(i*ojrene) 

Poly(estex) resin, rigid (ca. 50 styrene) 
Poly(N -(2 -mtthoxyetbyS methacrylamide) 
Polyf2 . 3 - diroetby Ibutadlcne) (methyl rubbed 
Polyvinyl chloride-coVtnyl acetate) (95/5-90/10) 
Poly(acxylic add) 

Polyfl , 3 -dlchloro propyl roethacryUte) 

poly(? -chloxo-1 -(chlorom ethyl) ethyl methacryUte) 

Poly(acroUin) 

Poly(l -vinyl -2- pyrrolidine) 

Hydrochloric a ted rubber 

Nylon 6; Nylon 6,6: Nylon 6.10 (moulding) 

(Nylon- 6 -fiber: 1.515 transverse, 

1. 565 to fiber direction) 
PolyCbuUdiene-corrtyrcne) (ca. 30 styrene) 

black copolymer 
poly(cyclohexyl or-cbloroacryUte) 
Polyf2-chloroctbyl a-chloroacryUte). 
Poly(butadiene-co-4tyrent) (ca. 75/25) 
poly(2-aminoethyl methacrylate) 
PolyCfurfuryl methacrylate) 
Proteini 

Poly(butylmercaptyl methacrylate} 
poly(l -phenyl -n-amyl methacrylate) 
Poly(N-mettyl^ethacrylAmlde) 
Cellulose 

Poly(vinyl chloride) 
Urea formaldehyde resia 
Poly( tec -butyl or-bromoacrylate) 
PolyCcyclohexyl cr-bromoacryUte) 
Poly(2-bromoethyl methacrylate) 
Polyfdlhydroabletic acid) 
Poly(abietic add) 
Foly(ethylmercAptyl methacrylate) 
Poly(N-aUyl methacrylamide) 
Polya -phenyletbyl methacrylate) 
PolyCvtnylfuran) . ■• v 

Poly(2 -vinyl tetrahydrofWan). " r _- i* - \. ^ 
. Polyvinyl chloride) + 40 "<& rrlcresyt .ph«phate 
Epoxy resins. .'^a*-—. - 

Poly(p-methoxyben^f mettUcryUte) 
Poly(Iso propyl methacrylate) - 
Poly(p-Uopropylstyrene) v 
Poly( chloroprene) 

Poly(oxyethyleae) -a -benzoate- cu -methacrylate) 
Polytp, p'-xylyleayl dJmettiacrylate)^ . 
Poly(l*phenyUIlyl methacrylate) >*" " - 
PolyCp-cyclobexylphenyl merhacxyUte) 
PoIy(2-phenyUthyl ihethacryUte) ' ' " 

Polyfoxycazbooylory-1, 4-phenylene"-I -propyl- 1 

butyUtoe-lV*-pbenylene) : ^ 
PolyO~<o-clilmopbeayl>e^lTOeth~acryUte) 
Polystyrene -co-maleic anhydride)^ 
PolyCl-pheiiylcyclohexyl methacryUte) 
Poly(oxycarbonylaxy-l, 4-jfaeoylene-l .3 -dimethyl 

butyUdene-1, 4 -phenylene) - ^ 

PolyCmethyl a -bromoacrylate) 
Poly (benzyl methacryUte) 
Poly(2-(pbenyliulfonyI)emyl methacryUte) 
PolyOn-cresyl methacrylate) 
Poly(*tyrene-co-acrylonitrile) (ca. 75/25) 
. Poly(cacycarbony laxy -1 , 4 -phenyleneUoburyUdene - 

1,4 -phenylene) 



1.5200 
1.521 

1.523-1.54 - 

1.5246 

1.525 

1.525-1.535 
1.527 



- 1.54-1.551 
1.54-1.56 



20 
20 



25 



1.5270 


20 


1.5270 


20 


1.529 




1.53 




1.53-1.55 




1.53 




1.53 




1.532 


25 


1.533 


25 


1.S35 




1.537. 


20 


1.5381 




"1.539-1.541 




1.5390 


20 


1.5396 


20 


1.5398 


20 


1.54 * 





* ,1.542 [' 


- 25 - 


■ 1.542 


25 


1 . 5426 


20 


1.544 




1.546 


25 


1.547 


20 


1.5476 


20 


1.5487 


20 


■ 1.55 ' 


- ^20 


1.55 ... 


20 


1.55 




. 1.55-1.60 




1.-552 


r 20 


1.552 




1.554 


20 


1.554-1.558' 




1.555 


20 


1.5559 


20 


1.5573-,. 


.20 


1.5575 


20 


• 1.5592 


20 


1" 6602 




. .1.5624 


20 


• 1.564 


21 


1. 5645 


20 


- 1.5671 




1.5672 


20 


1.5680 


20 


1.5682 




1.5683 


20 


1.57 




1.5702 





Polymer 
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Figure 24.11 Toughening of PVC with a silicone-coniaimng butyl acrylate core-shell parti- 
cle. About 50% of silicone rubber in the core produces optimum results. See- [69]. Reproduced 
with permission from the publisher.: - 



at T 8 in the polymer cote 
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icles, rubber cores with 
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e low surface tension of 
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jre 24.1 1 shows that the 
licone provide the most 
si licone moiety in these 
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their superior weather- 

f available PMMA or 
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types bCpolyfners. Trie most well-known method is to take advantage of the end 
groups present in engineering polymers. Amine and carboxyl groups in nylons and, 
carboxyl and hydroxyl groups in polyesters offer potentially reactive sites for suit- 
able chemical moieties placed on the shell. Functional monomers, such as acrylic 
and methacryltc acids, glycidyl methacrylate (GMA), hydroxyethyl acrylate (HEA) 
or meiacrylate (HEMA), and maleic, anhydride (MAH), have been used to induce 
chemical, adhesion with the matrix- in this fashion (72, 73]. The incorporation of 
these types of monomers into the shell via emulsion polymerization is not trivial, 
because their high water solubility hinders chemical bonding to the shell during 
polymer^tionTAnother option for enhancing the adhesion between the matrix and . 
the shell is to add a compatibilizing agent, which is a weJl-documented method. 
(See Chapter 170 [ 

4- Microstructural Variants Significant examples of these variants, which have 
been available commercially for some time, are the multilayer particles used to 
toughen PMMA [7, 74, 75]. These particles provide an optimum balance of stiffness 
and impact resistance. Attempts at using more sophisticated types of morphology 
inside the rubber cores, such as interpenetrating polymer networks (IPN) of two soft 
polymers. with different T 8 *s, are also interesting, although their performance in early 
experiments is similar to that of typical core-shell polymers [76]. . 

B. Toughening of Thermoplastic Matrices 

1* Pofy(Metkyl MethacryUae) Rubber-toughened PMMA (KT-PMMA) has been 
the focus of commercial and scientific interest for many years [7, 75, 77-80]. B esides 
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2L 



0.30 itm 
* ► 



3LB 



3LC 



3LD 



qffiff Classy phases 



3LE 



Rubbery phases 



Figure 24.12; Multilayer structures that combine glsssy and rubbery phases in different se- 
quences and distributions. Particles 3LE, with one glassy phase at the center and one on the 
outside, provide an optimum balance between toughness and stiffness. From [79], with per- 
mission from the publisher. 



improving the fracture resistance of the polymer, core-shell modifiers for PMMA 
must also « well as its clarity. For chat rea- 

son* suitable cc^Wriatioris o^ butyl ac^late. and sryrene monomers are used in the 
rubbery phase, while a PMMA copolymer is used in the glassy phase, to match the 
refractive index of the matrix. Particles on the order of 0,2 to 0.3 \im are normally 
used. The level of modifier particles present can vary from 10 to 40% by weight of 
the matrix. In commercial materials, optimum toughening is obtained with a rnulri- 
layer particle morphology that consists either of a rubbery core and a glassy shell 
^ o^Vgiaisy'cdre, an intennediate rubbery layer, and an outer glassy shell [7, 79]. In 

- general, RT-PMMA is sold, commercially as a final blend, as with HIPS and ABS 
/■;.^ins.:I^re i 24.6-is an atomic force micrograph that clearly shows the typical mi- 

cTOStructureof RT-PMMA. : 

- 'Lovell, Youn£, aad[ collaborators carried out a detailed study of how different se- 
quences of multilayer structures offer different degrees of ductility in PMMA while 

: rnauitainmg srifmess and clarity [81 , S2] . Figure 24. 12 shows schematic diagrams of 
L^cross^ecdoris of the types of particles used by these authors to toughen PMMA- The 
? "decrease in elastic modulus depends on the amount of rubber present in the modifier 

*and not On the setjuenceof hard and soft layers. An optimum balance between stiff- 
ness and impact was obtained for the particles with a hard core and hard shell, with 

"an mtemediate rubber layer, as shown in Fig. 24.13. 



2; PofyfVinyl Cldoride) The miscibility of poly( vinyl chloride) (PVQ with 
PMMA! a common type of shell in commercial modifiers, is a driving force that 
facilitates dispersion and promotes adhesion between the particles and the matrix. 
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PURPOSE: To obtain a composition suitable for lighting cover, having a fixed particle 

diameter distribution, small particle diameter, high light scattering properties and high light 

transmittance. 
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diameter and a standard deviation of particle diameter distribution of £20% average 
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is obtained by copolymertzing meUiyl nlethacfylate and/or styrene with a porvfunctional 
(meth)acry1ate. 
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(54) [Title of thte invention] 

Light diffusing resin 

(57) [Abstract] 

[Constitution] A light diffusing resin constituted 
by a substantially transparent resin having dispersed 
therein fine crosslinked polymer particles having an 
average particle size in the range of 1-30 jun, with the 
standard deviation of the particle size distribution 
being 20% or less of this average particle size. 
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[Constitution] Such light diffusing resins combine 
high light scattering and high light transmission and 
can be used advantageously for lighting covers, displays 
and illuminated signs and the like. 
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[Claims] 

• [Claim 1] Light diffusing resin constituted by a 
substantially transparent resin having dispersed therein 
fine crosslinked polymer particles having an average 
particle size in the range of 1-30 \xm g with the standard 
deviation of the particle si ze distribution being 2 0 % or 
less of this average particle size. 

[Claim 2] Light dispersing resin described ' in Claim 
1 wherein the substantially transparent resin is a resin 
in which the, principal constituent is at least one 
selected from a methacrylic resin, polystyrene resin, 
polycarbonate resin, epoxy resin and poly (vinyl chloride 
resin). • . . 

. [Claim 3] Light - dispersing resin described, in Claim 
i where in^ th^ are of a ", 

"copolymer of ' ■? a methyl :* Cmeth) acryl:ate- and/or *, styrene, 
with a polyfunctional (meth) acrylate . .* . / 

[Detailed explanation of the invention] 

/ [oooi] ; : 

[Field of 7 industrial application] The present 
invention "relates - to light- diffusing . resins ideal for 
use ~ as- . materials in different ; types of displays, 
illuminated sighs > translucent, screens ; lighting covers 
and the like for which a light diffusing function is 
* required, - * ■ • .\ • 

[0002J 

[Prior art- and problem which the. invention is 
intended to solve] Materials comprising a transparent 
plastic with f ine " organic or : inorganic particles 
dispersed therein "are known as prior light diffusing 
materials used r f or lighting covers, screens and the 
like. Among the capabilities . - required in thes;e 
materials, uniform diffusion of light over the widest 
possible range is important • In this connection, since 
the quantity of light emitted by a light source is 
constant, current practice is to optimise the material 
to give the most preferred illuminance and breadth, by 
altering parameters such as the concentration and 
particle size of the light diffusing material. Moreover, 
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various materials have been produced - based on 
differences - in refractive index between the resin and 
the fine particles constituting the light diffusing 
material as an index. However, no light diffusing 
materials exist which are fully satisfactory for 
applications such as screens for rear projection 
television" or light diffusing electroluminescent (EL) 
substrate materials, which are required to have high 
light scattering. 
- [0003] 

[Means for solving the problem] The present 
invention has been perfected as the result of concerted 
research by the inventor directed - .towards obtaining; 
superior ; light dif fusing : materials.- in- the light of th^ 
situation above, with the -discovery that r the particle : 
size distribution of the fine partxcl'es dispersed within 
the" resin is an important, factor, in 1 - 'determining -light* 
diffusion performance and that light diffusing resiris 
which have outstanding light diffusion performance - and 
do not colour the transmitted light can be obtained- if 
the particle siz~e~ distribution is Vithin a set range; ^- 

[0004] Thus >^ the present invention offers light 
diffusing resins" constituted by a substantially . 
transparent resin having dispersed therein fine cross- 
linked polymer particles .having an -average particle size 
in the range of 1-30 pm* with the standard deviation of 
the particle size di^ribiation being 20% or less of this 
average particle size. ' 

[0005] The average particle size of the fine cross- 
linked polymer particles used. in the present invention 
is in the range 1.-30. jxm, and is preferably in the range 
2-15 jam. An average particle size of less than 1 Jim is 
undesirable because the transmitted light is coloured; 
and more than 30 Jim is less than ideal because the 
intensity of scattering of the transmitted light tends 
to' be lowered. 

[0006] In the present invention, the standard 
deviation of the particle size distribution is 20% or 
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less of the average particle size thereof: i.e. the fine 
particles need to have high monociispersity . When this 
standard deviation is greater than 20%, i.e. with 
polydisperse fine particles, it is impossible to achieve 
both satisfactory light scattering and satisfactory 
light transmission. 

[0007] Although there is no specific restriction as* 
to the shape of the fine cros si inked • polymer particles,* 
they are preferably spherical. In addition,, the surf ace . 
of the fine particles can be porous. 

[0008] Fine cross! inked polymer particles having ah * 
average- particle , -size and particle size distribution 
within these' set ranges can be produced, for example, by.* 
grading fine ^cros'sirix^ particles" obtained -by 

.using ; suspension so as to ""regulate the'.. 

;part icle size /.^:c>^ ;by— uisiiagf so-called seed; polymerization ■> . 
in order • to produce fine, - crosslinked polymer particles ■. ■■»-" 
having a regulated particle size. * : 

[0009] There is, no specific restriction as to the 
polymer; constituting the fine crosslinked polymer* 
particles:: -etnployed in-' 'the present invention, , but 
examples include crosslinked styrene copolymers such as 
styrene/divinylbenzerie, styrene/ethylene: . * glycol 

dimethacrylate and styrene/butadiene copolymers, cross-- 
linked ^(meth) aery late '„ ester copolymers such, as methyl, 
(methjacrylate/divinylbenzene, methyl methacrylate/- 
ethylene;^^, glycol dimethacrylate and . methyl 

(me feh) aery late/me thylenebisacryl amide copolymers, ' cross- 
linked olefinic compolymers such as ethyl ene /butadiene, ' 
methyl vinyl ether/divinyloxybutane, vinyl acetate/- 
di vinyl oxybutane and vinyl chloride/divinylbenzene 
copolymers. When rnethacrylate resin is used as the base, * 
fine particles obtained by copolymer i zing methyl 
rnethacrylate and/or styrene with a polyfunctional 
(meth) acrylate can be ideally used. As such poly- ^ 
functional (meth) acrylates, (poly) ethylene glycol 
di (meth) acrylates such as ethylene glycol 

di (meth) acrylate, diethyl ene glycol di (meth) acrylate and 
tetraethylene glycol di (meth) acrylate, glycol 
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di {meth) acrylates such as propylene glycol di- 
(rneth) acrylate, 1, 3-butanediol di (meth) acrylate, tetra-- 
ethylene glycol (meth) acrylate and neopentyl glycol 
(meth) acrylate and (meth) acrylates of polyhydric 
alcohols such as trimethylolpropane tri (meth) acrylate 
and pentaerythritol tetra (meth) acrylate can be employed. 

[0010] The base' resin of the light diffusing resin 
needs to be a substantially transparent resiri, - and the 
/higher the transparency (light transmission) the better, 
t Resins' of this type such as methacrylic- renins, epoxy 
"^resins, polycarbonate resins, polystyrene resins- and 
-poly {vinyl chloride) resins can be employed. 

[0011] As the process for producing- light • diff -using 
resins of the present _ invent ion, for example, afore- 
mentioned .fine qrosslinked- polymer partibles can be 
• dispersed in the polymerizable rftonpmers or a.** syrup of 
-partially -polymerized polymerizable-/ monomers > * and 
polymerized therewith, or the fine * crosslinked polymer 
particles and " a pre-prepared base: polymer*"* cart- be melt 
. compounded ^and,- pressed. And when the- light diffusing 
resin is to--be: formed, into a thin^ film, a method such as 
screen -printing ; can be;used. ■„--./ * - 

[0012] Th e J inclusion irate . of f ine crosslinked 
polymer particles in the light diffusing resin ia 
preferably JL-10 ;wjt.%£. a high percentage' addition of fine 
particles is undesirable because* light transmission is 
lowered. ^ Similarly,, .with les-s than 1% it is impossible 
to obtain the ulL advantageous effects of the present 
invention. When a- methacrylic resin is used as: the base, 
it is desirable that the refractive index of the fine 
crosslinked polymer particles be of the order of 
1.50-1 .54, since the refractive index of methacrylic 
resins is ordinarily of the order of 1.49. 
[0013] 

[Effects of the invention] In light diffusing 
resins of the present invention the dispersed particles 
have a small particle size and a narrow particle size 
distribution, and as a consequence combine high light 
scattering and high light transmission and are ideal for 



applications such as lighting covers, displays of 
different kinds and illuminated signs. 
[0014] 

[Examples] The present invention is described in 
more detail below by means of practical examples; 
however, the present invention is not restricted to 
these examples* In the examples, Mparts" indicates parts 
by weight and w %" indicates wt%. 

[0015.] Example 1 

A mixed solution of 79 .parts of -methyl methacrylate 
(MMA) / 19 .parts of styrene,. 2 parts of ethylene .glycol 
dimethacrylate and - 1,0 part of 2,2-azobis- 
isobutyrpTiitrile^ -was added to 1-0 OQ parts, of a. 3% aqueous- 
solution V of poly (vinyl alcohol) , finely dispersed 
■; therein - and .polymerized for 15*- hours at 70°C under a 
: stream : of -nitrogerr gas/,* with continuous stirring. . This 
was - followed by a grading operation*- to obtain*? - fine 
cross linked; polymer particles- having an average particle 
size of 6.3 pm, with a standard deviation of 1 . 1 iim\ The 
results of determination of the refractive . index of 
.these • fine particles, ' found by determining shifts in. the 
•Bekke lines under a microscope in accordance with JIS K 
7105 , was '1. 514 . An acrylic resin sheet 1 mm thick was 
made" using the fine cross linked resin particles obtained 
^abdve;; "Thus, 91, parts of MMA, -9 parts of ethyl acryiate 
and 0.1 part of azobisisobutyrbnitrile were/ mixed and 
pc^^Vrized, for one hour at 60°C, to obtain an acrylic 
'res^iTfi ""syrup. The aforementioned fine particles were 
added (1 .5. parts) to this syrup and dispersed therein, 
and the mixture was injected into a mould comprising two 
sheets of glass fitted with a gasket, and after removing 
air it "was polymerized by heating for 2 hours at 80°C 
and then ; " for 2 hours at 12 0°C. This gave a light 
diffusing resin in the form of a thin sheet with the 
sheet thickness adjusted to 1 mm. 
[0016] Examples 2-7 

Fine particles with different particle sizes were 
obtained by the same method as in Example 1, except that 
the resulting particle size was controlled by altering 
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the- speed of stirring, of the liquid dispersion when 
synthesizing the fine crosslinked polymer particles. 
These were used as in Example 1 to obtain the light 
diffusing sheets indicated in Table 1. 
[0017] Comparative examples 1-3 

Particles were synthesized by the same method as in 
Example 1,'* without precise grading after polymerization. 
These fine, particles were used as in Example 1 to obtain 
the light diffusing sheets indicated in Table 1. 
4^ [0018] Test examples - *; _ 

^ The light transmission, light scattering capability 

and light scattering .of _the flight, diffusing resins 
;?v^ a obtained in the aforementioned examples, and comparative 

/ examples were evaluated . J ... v. ^:-\'^;z-rX:^^ m v-':\ ; ; V* — . , 
7 \ [Methods] \ .". _ ^"-^-.;^ c ; 7 - ^-;-7^.-r^^-- 

. (1) Light transmission j :/ , \ 7^ v^^f ; 7 

Light* • transmission.-, was • •evaluated by measuring :;total 
light transmission using an integrating spherical . light 
transmission meter. 

(2) Ligh t di f f us ing capac it y — v'- - ■-■ -r^. - 

.Light . diffusing?- capacity wasv - evaluated by 
/ illuminating a test Apiece in the f orm : of* a sheet from 
behind, and measuring the- ratio of total light 
. transmission (T t ) and . diffuse light transmission (T d ) - 

i.e. , the haze value £jO!^Tl\e haze . value was calculated 

. by means of Equation lS-v*--r : : 

^ [Equation 1] / • — ^^r-i*rv*^- n " 7 ~ ' \^*- " - 
H (%) = [T d (^iffus^: light transmission: %) ] /tT t 
(total transmission: %)] x 100 

(3) Light diffusion - - . 
A 10W fluorescent bulb was places at a distance of 

10 cm behind the test piece in the form of a sheet and 
the test piece was observed visually from the front- 
O : Outline of the fluorescent bulb not visible 
A : Outline of the fluorescent bulb slightly visible 
[Table 1] 
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[Results] As the - results in Table 1 show, both 
light transmission and light diffusion were satisfactory ' 
for the light diffusing resins of the present invention, 
wherein the : Average--- partic^^ size and particle size 
distribution of the fine cross linked polymer particles 
were within set ranges . " .• .. : . 
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8.1 INTRODUCTION 

Glassy polymers are by definition haxd and noncrystalline. Many glassy 
' thermoplastics, and all thermosetting resins, also display another charac- 
teristic of glasses ^>rittleness. The discovery that materials as iinproxnising 
as polystyrene fcs> "and eppxy resin can be toughened by the addition of 
5^15% of a suitaSle rubber has therefore been of major importance to the 
plastics industry. Indeed, rubber toughening has proved so effective that the 
technology has been extended to almost all of the commercial glassy 
thermoplastics, including poly(methyl methacrylate) (PMMA), polyvinyl 
chloride) (PVC), and even polycarbonate (PC), the toughest of the glassy 
polymers; it has-ais6;~b^^*ai)plieti to several thenriosetting resins other than 
epoxies. Ia this chapter %a prefix RT- will .be used to denote rubber-, 
toughened polymers, * except for polystyrene (PS) ^and poly(styrene-co- 
acryionitrile) (PSAN)rwliere the acronyms HIPS (high impact polystyrene), 
and ABS (acrylonitrile^utadieDe-styrene; polymer) have become firmly 
established. .• . ^ . ' , " \ 

Toughness is the property of resisting fracture by absorbing and dis- 
sipating energy. Strength^ ^on*the*other hand, is the ability to resist high 
stresses, and is obtained by suppressing deformation mechanisms, some- 
times to the extent that the material becomes brittle under normal loading 
conditions. Conversely, toughness in rubber-modified polymers is achieved 
at some sacrifice of strength and stiffness. Whereas glassy polymers have 
shear moduli of about 1000 MPa and Young's moduli in the range 2500- 
3500 MPa. rubbers have very low shear moduli, typically between 0.1 and 
1.0 MPa. The reductions ia modulus brought about by adding rubber are 
acceptable if they are accompanied by a substantial increase in toughness. 

The Physics of Glo&y Polymers > * j 

Edited by JL-K Hawa/d and R. J- Young 

I^WUhed in 1997 by Chapman & Hall, London. ISBN 0 412 62460 3. 
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SPECIFICATION 
1. TITLE OF THE INVENTION 
5 Light -dif fusing acrylic resin molding 



. 2. WHAT IS CLAIMED IS : 

Light-diffusing acrylic resin molding which is 
\: 1 0 \ ; ' : produced .by molding a resin composition in which 1 - 30 
4 parts ; by weight of the crosslinked polymeir noted: below- 
■--His blended with 100 parts by weight of a, methyl, 
methacrylate polymer. * - * • -;. . ■> ■ - - ■ 

Crosslinked polymer : . : ^ •; ^ - ; * _ - J * ; 

15 Cross 1 inked pqlyme^.w^ 10 

- 500 \i, a gel content of 50 : - 90% by weight and . 
swelling degree of 3 : - -'25 '. which is produced- by 
suspension polymerization of 0-5 ^ "5 parts by weight of 
•a crosslinkable monomer arid 100. parts by weight of a 
20 non- crosslinkable monotner consisting of * 
alkyl methacrylate in "which .the number of carbon 
atoms of the alkyl groups Ts^ 1 ; - .4>. / ~ .... ~ 1 " • 

50 - 90% by weight { ■ .[* ■ - 

alkyl acrylate* in which - the number .of carbon atoms 
of the alkyl: groups is 1 ~ ~%r Vs ^'r**-~ *rv..> v :.' -v •; ; v* >.* 
10 - 40% by weight ^ --;T ; >f« ! ' T \ ;^ V ; '\? v rpv - : . 

aromatic vinyl monomer - - J) ■ 0 - 2 0% by 

weight . - *• ^■::,.^ r ^^ • , ■ ; •/ 

other monoethylenic unsaturated monomer 0 - 2 0% by 
weight' : • x \ : 

3 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a light-diffusing 
acrylic resin molding which possesses an- excellent 
light diffusion property and, at the same time, also 
has high light transmittance and which is suitable as a 
lighting cover, etc. 



25 
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Conventionally, the usual method . of imparting a 
light diffusion effect to acrylic resin moldings is to 
disperse fine particles of an inorganic compound such 
as barium sulfate, titanium oxide or talc, etc. in- a 
base resin or to impart an irregular pattern by 
mechanical means such as effecting extrusion with a die. 
which has a pattern of effecting . passage through 
embossing rolls. 

-.- However, • with a method using a ■ die. which has a 
pattern or embossing rolls, even if a molding which has 
a light . diffusion effect to a . certain degree is 
produced, there is the major drawback- that when 
secondary processing to various shapes suitable" for 
15. lighting covers, -etc. is. effected,- . the surface 
- irregularities, are V lost > ;v ahd so "^her^ ; is • failure - to 
produce a .molding which displays . a satisfactory light 
diffusion .effect. * ' - 



10 



20 



Also/ in cases in which fine • particles of an 
inorganic . resin ' are added to a base ..resin, although a 
satisfactory-light, diffusion effect is generally 
achieved, there is the drawback that there is a 
considerable fall in the light transraittance, and there 
25 is drawback that^'thet base resin' s .physical properties 
such as its impact 1 strength, etc. deteriorate. 



30 



35 



The pre sent* - --'invention is one which makes 
improvement in respect 'of these drawbacks of 
conventional methods', 1, and ^t: has been achieved as the 
result of the discovery that a light -diffusing acrylic 
resin molding which - combines an excellent light 
diffusion property and high light transmittance and 
whose light diffusion property does not deteriorate 
even if secondary processing is effected can be 
produced by making a specific admixture of a specific 
crosslinked polymer in a methyl me thacrylate polymer. 
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The invention is a light-diffusing acrylic resin 
molding which is produced by molding a resin 
composition in which 1 - 3 0 parts by weight of the 
crosslinked polymer noted below is blended with 100 
5 parts by weight of a methyl methacrylate polymer . 
Crosslinked polymer • . 

Crosslinked polymer with a particle diameter of 10 
- 500 jt, a gel content of 50 - 90% by weight and a 
- : X swelling degree of 3 - 25 which is produced by 
I/Of suspension polymerization of 0.5 - 5\ pts.wt. of a 
cros^ linkable- monomer and - .10.0" • pts.wt. V of j a\ . non» 
crosslinkable monomer consisting of - 
. V alkyl methacrylate in which the 'number of carbon 

? fatoms of; the alkyl groups; is : I .^4- . - 
. -.15 : • 50 — 90* by weight . • z^/ 1 '" • vV; . •> - . £ ;• 

alkyl acrylate in which the nUtiibefc o£ ' carbon atoms 
. of the alkyl groups " is 1 8 / -* * . - > ^ ; 

10 '- 40 Wt% . . ' \ . 

aromatic vinyl monomer v v 0 ^ 20 wt% 

20: other monoethylenic unsaturated monomer 0 - 20 wt% : 

The invention is characterized by the fact that a 
crosslinked polymer with a specific composition, 
\ particle diameter, gel content ^nd swelling. . degree is 
25. admixed a& the lights dif^sxon^ .agent, .of . a methyl 
methacrylate polymer. As; ; ;a" ^ result b£ - this ? the 
invention provides a light -^dof f using acrylic resin 
molding possessing an excellentS-perf ormance which has 
never been, achieved in cases in w> [ which, convent ional 
30 inorganic light diffusion agents aire admixed. 

One special feature of the invention is 
constituted by the method of manufacture of the 
crosslinked polymer which is used as a light diffusion 
35 agent and the prescription of the particle diameter 
that is produced. More specifically. The crosslinked 
polymer which is used is one whose particle diameter 
which has been produced by suspension polymerization is 
10-500 >i, preferably 35-200 ji. With a crosslinked 
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polymer whose particle diameter exceeds 500 ^i, even if 
its composition, gel content and swelling degree are 
within the ranges which are prescribed in the 
invention, and molding is effected after it is added to 
5 a methyl rnethacrylate polymer, the surface of the 
resulting molding feels ^ rough, and the molding is 
undesirable as material for a lighting cover, etc . 
On the other hand a satisfactory light diffusion effect 
is not achieved by a crosslinked polymer whose- particle 
10 diameter is less than 10 \x, especially one with a 
particle diameter of 1 |x or less which is produced by 
emulsif ication polymerization." 

* Appropriate composition regions also exist for the 
15 monomers which constitute the- crosslinked polymer which 
is "used in the invent ion and,." with v c6n^6sitions out-side 
these regions, the light -diffusion .effect /.\ ; - is 
unsatisfactory, . or the light. transmittance is 
unsatisfactory, or the only moldings produced by 
20 * blending these compositions and effecting molding are 
ones whose surface feels rough. V ' " ♦./.-. ' ~ '.. 

A monomer composition which is suitable for 
constituting the crosslinked- polymer which is used in 

25 the invention ' i^-^^ c bmpb s i t i on consisting of 50-90 wt% 
of an alkyl rnethacrylate in which the number of carbon 
atoms of the al^lfirovx^ is 1-4," 10-40 wt% of an alkyl 
acrylate in which - v tKe" number of carbon atoms of the 
.alkyl groups is l-8v 0-20 wt% of an aromatic vinyl 

30 monomer, 0-20 wt% of another . .monoethylenic unsaturated 
monomer, and 0.5 - 5 pts.wt. of a cross linkable monomer 
per 100 pts.wt. of ; the combined total of non- 
crosslinkable monomers. ^ 

35 Methyl rnethacrylate, ethyl rnethacrylate, propyl 

rnethacrylate and butyl rnethacrylate, etc. can be used 
alone or mixed as the alkyl rnethacrylate in which the 
number of carbon atoms of the alkyl groups is 1-4, and 
methyl rnethacrylate is particularly preferable. The 
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amount: of the alkyl methacrylate used is 50-90 wt%, 
preferably 55-90 wt%. 

Methyl acrylate, ethyl acrylate, propyl acrylate, 
5 butyl acrylate, or 2-ethyl-hexyl acrylate, etc. can be 
used alone or mixed as the alkyl acrylate in which the 
number of carbon atoms of the alkyl groups is 1-8, and 
substances such as butyl acrylate and 2-ethyl-hexyl 
acrylate, etc. whose glass transition temperature is 
f^lb low are the more preferable. The amount of the alkyl 
# " acrylate used is 10-40 wt%, preferably 25-4 0 wt%. 
- . - , . ■ ■ . • 

It is possible to use . styrene, d-methylstyrene k 
yinylstyrene b.r halogenated styrene> etc.-.- as ^ the 
15 -. aromatic vinyl monomer, and the . amount -thereof ^vusedl- is- ; 
0-20 wt% , ^preferably 3-15 wt%. The use of c'mbre' ^tft^n^ 2: 0" 
wt% of an aromatic vinyl monomer .is* "undesirable, * siiicef 
it causes deterioration of the light transmittance, 
etc. From* the point of view of adjustment of the 
20 refractive . index and control of r/'the degree of ? 
y crosslinking, etc. of the crosslihkeid polymer, it is 

found in most cases that it is better, to use an ; amount 
not exceeding 2 0 wt%. : ' 

25 it is not particularly necessary, ;*to *use another; 

monoethylenic unsaturated, monomer, but >it is possible 
to use one in an amount not . exceedihg' s 2'0" wt By 'way 
of specif ic examples, it is possible— "tt?* use* fumaric 
acid, maleic acid, copolymer! zable carboxylic acid and 

30 esters thereof , acrylic.. acid> metliacrylic V~ acid, 
acrylonitrile, halogenated vinyl and vinyl esters, etc. 

A compound which has 2 or more unsaturated bonds 
in its molecules can be used as the crossiinkable 
35 monomer, and it is particularly preferable that it be a 
compound in which at least 1 within the 2 or more 
unsaturated bonds is an allyl group. The use of such a ■ 
crossiinkable monomer which contains allyl groups makes 
it easy to achieve good characteristics, since, as well \ 
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as making the control of the swelling degree and the 
gel content of the' crosslinked polymer easy, it gives a 
suitable cross linking distribution in the crosslinked 
polymer* By way of crosslinkable monomers, which 
contain allyl groups, there are, as typical substances, 
allyl methacrylate, triallyl cyanurate and triallyl 
isocyanate, allyl methacrylate being particularly 
preferable- By way of / other -crosslinkable monomers- 
apart from these, it is possible to cite alkylene * 
glycol unsaturated carboxylic * . acid esters such as 
ethylene glycol dimethacrylate,. etc. j alkylene • glycol 
unsaturated alcohol ethers such as- propylene glycol 
diallyl ether, etc.; and polyvalerit : yinyl - benzenes such- 
as divinyl . benzene, .etc . • r The amount " of .ctosslinkable 
monomer added is 0.5 - 5 .-pts . wt. pe r 1 0 0v p t s . wt . of - the 
• combined total of the non - crosalirikabl e /monomers ' noted . 
above, 1.0 - 4 pts.wt. being particularly preferable",. 

Another special feature of the invention is - that ai 
crosslinked polymer which, has a - specif ic gel ^content • 
and swelling degree is used as a "d*±f fusion*! agents.* • : 

An excellent light diffusion effect is imparted to 
the. methyl methacrylate polymer only when a* crosslinked 

. polymer whose gel ; .cQn^ent^'found by _ the measurement 
method described below is. [ 50-90 wt%,^ preferably 6Q-85 

,wt%, and whose degree '<bf;: swelling is 3-25, preferably 

If a crosslinked polymer whose gel content is less 
than 50 wt% or a crosslinked polymer whose degree of 
swelling exceeds 25 is used, this is.. undesirable, since 
a satisfactory light diffusion effect fails to be 
achieved and, in addition, the material becomes rather 
hazy overall and the light transmittance deteriorates. 
Conversely, if a crosslinked polymer whose gel content 
exceeds 90% or whose degree of swelling is less than 3 
is used, the molding has a surface which feels rough 
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and, except in' special- cases, it is not suited to 
applications such as that of a lighting cover, etc. 

Methods of measurement of gel content and degree 
5 of swelling: 

A set amount of crosslinked polymer is weighed in 
a weighing bottle and is immersed for 48 hours in an 
amount of methyl ethyl ketone (MEK) that is about 100 
i times greater. After the immersion,-, thorough removal 

$*10 of excess MEK is effected by decantatzLon, the weight of 
;* the sample which has been brought to a swollen state by. 
e the MEK is determined, and then the MEK. is dried and 

iremoyed by vacuum drying and the -absolute' dry weight - of 
the sample is measured. Calculations- by*, the 'following 
15^.. formulas are made. \ '^^^x^^^—^j. *>---■.;• '. 

Gel content (wt%) = - • .* 

Absolute dry weight (after MEK immersion) x jqq 
Weight of sample that is taken 

20 Degree .of swelling ; . 
Weight of sample in MEK swelling state - absolute diy weight - " 

Absolute dry weight * r. ' r, • .v ■ - ;~ ' ■ 

Adjustment of the gel content arid^ the degfee 1 of 
swelling of the cross linked^^Slymer^ is : mainly -effect ed 
25 through the adjustment of the -type ctnd Qie amount of 
the cross lirikable monomer thatSxs" 1 used and the" use of a 
suitable amount of a chain ""sfiifft agent.. . Normally 
: employed substances such as a 2-20C alkyl mercaptan or 
an ester-based mercaptan can' be usedL as -.; a chain shift 
30 agent . : 

Suspension polymerization of : " the crosslinked 
polymer can be effected by normally employed procedure 
and, although there are no particular restrictions 
35 regarding the initiator and suspension stabilizer which 
are used, it is necessary to take care over the used 
amounts, etc., in order to avoid departure from the 



preferred ranges for characteristics such as the 
particle diameter and the gel content, etc. 

What is meant by a methyl methacrylate polymer in 
the invention, is a methyl methacrylate homopolymer or 
a copolymer of methyl methacrylate and another monomer, 
eg, methyl acrylate, ethyl acrylate, n-butyl acrylate 
or ethyl methacrylate, etc. in which the methyl 
methacrylate component is 85% or* more. 

.: The amount of cros si inked polymer system diffusion 
$gent used in the invention is 1-3 0 pts.wt., preferably 
-5-15 pts.wt. . relative to 100 Tpts.wt. of the* methyl 
methacrylate polymer v:_ ~ >L • ;• 

The methyl methacrylate polymer and the 
•qrbssiinked polymer system light ••diffusion agent * can be 
mixed by normally employed procedure such as * the use of 
a Henschel mixer, etc. - 

The mixture of the methyl methacrylate polymer 
and the cros si inked — polymer system light diffusion 
agent can be made a molding by the same* procedure as 
that for ordinary methyl methacrylate polymers; i.e. 
extrusion or in jectipn - molding procedure. 

There is - no - ;ob jkct ioh if , ^within the range in 
which the object- the invention is achieved, small 
amounts of a dye pigment, a bluing agent, a fluorescent 
whitener, a heat ^ stabilizer . or other additives are 
added for the purpose of increasing the product value. 

The molding which is produced in this manner 

combines an excellent light diffusion effect and high 

light transmittance, and is very suitable as material 
for lighting covers, etc. 

Below, a description in further detail is given by 
means of examples of implementation, though the 



-10- 



invention is not limited to these examples of 
implementation. 

Example 1 

5 - 

(1) Manufacture of crosslinked polymer - 

The following compounds were charged into a 
reaction vessel provided with a stirrer, st ref lux 
10 cooler and a nitrogen gas introduction port, etc. * 

? 60 pts.wtv 

-r 30 pts :wt ; *. " J •*..:.>.■-. 

10-;pts.-wfc - '~'-i"2 . „/; :J ; : r v 
- r 1 ..S;rpts\;w,t > 

0 . 3 pt'SV. Wt;. v - I''." ' . * . \ 

v 0 . 5 pt'S .wt • • ' 
sl .0 ptv'wt . * 
200 ptS.Wt. .-*...■-./; • . : 

After the interior , of the vessel had; been 
thoroughly replaced by " xTitrogen gas, the mixtiire of the 
compounds noted above " Was heated to 70°C While:, being 
stirred., and polymerization, was caused to proceed in 
25 the nitrogen gas v . A||g^4^houra # / the temperature was 
raised: to 90°C, and pol^erization^was completed by 
holding at 90°C for 1 iiour$- ^ After the" completion of 
polymerization, dewatering^r^water- washing and- drying 
. were effected, and granular, beads were obtained. 

30 : ■;' ' • ". • ' . - .* ■ . • r~ 7* ■ : . - : ■ ■ ■ ' 

The average particle diameter of the beads, that 
were obtained was 120 u, the gel content was 75 wt% and 
the swelling degree was- 11. 

35 (2) Manufacture of acrylic resin molding 

10 pts.wt. of the crosslinked polymer obtained in 
(1) was added to 100 pts.wt. wt. of a methyl 
methacrylate polymer (Acrylpet MDK manufactured by. 



Methyl miethacrylate 
n-butyl acrylate . 
styrene 
15 allyl methacrylate 

t-dodecyl methacrylate 
; ■ azobisisobutyronitrile 
polyvi ny 1 al cohol* 
water 



Mitsubishi Rayon KK) and thoroughly mixed therewith by 
means of a Henschel mixer, and then pellets were 
produced by means of an extrusion machine. 

The pellets that were produced were dried for 24 
hours at 80°C, and then a 2.5 mm thick sheet was molded 
by extruding the pellets 220°C by means of the same 
extrusion machine • 

The total light transmittance and the haze . value 
of the molded sheet that was produced were measured by 
an integrating bulb- type haze meter, its 60-degree. 
..specular gloss was measured by a digital .variable -angle * 
gloss meter (manufactured by Suga'i Shikenki) , . and the: 
state of the molding; s ;surface was- judged visually 

The * total ' light transmittance of this .molding* was 
85%, its haze value was 79 and its 60 degree specular 
gloss was 23 . Also, it was an excellent product whose 
surface was uniform and without .any impression of. 
roughness .'•:./ "' . . \" ^ -.^V , ■ / ' 

Reference Example 1 

A crpssii-nked ^polymer was .produced in the same way • 
as in Example 1 ; M) except-: that the amount of polyvinyl.* 
alcohol was rnade^-0i3 pts.wtv" The gel content and the 
swelling degree £^of the crosslinked polymer that was 
produced were about the same as in Example 1 (1) , but, - 
at 600 ji, , * its -average particle diameteir was 
considerably greater. 

This crosslinked -polymer was screened, an extruded, 
sheet was manufactured by the same procedure as in 
Example 1 (2) except that the 32 mesh (500 *i) pass 
fraction of this polymer was used instead of the 
crosslinked polymer that was produced in Example 1 (1) , 
and evaluations were made in the same way. 



The total light transmit tance of this molding was 
92% an its haze value was 76, but its surface had an 
extremely gritty rough feel, and it was undesirable as 
a molding for lighting covers, etc. 

Reference Example 2 

•The following compounds were charged into a 
reaction vessel like that used in Example 1 (1) . 

Methyl methacrylate 
n-butyl acrylate 
styxene ■ 

allyl methacrylate 
t-dodecyl mercaptan 
potassium persulf ate \ 
sulfosuccinic acid ester 
sodium salt 
water 

■ After the interior p£ the vessel had* been 
thoroughly replaced By "nitrogen .gas; : the mixture of the 
compounds noted above, was heated to 70 °C while being 
stirred, and was held -as; .it was ; f or ; 5 hours to complete 
polymerization. Tjte^polymer particles} in the latex 
that was produced , had- a / particle diameter- of 
approximately 0-2 * pr (measurement by flight transmission 
method) ^ Salting put wa^s-ef f ected by * adding 5 pts.wt. 
of calcium chloride to- this latex:, and a crosslinked 
polymer in powder .form' was" obtained by further 
effecting dewatering, water-washing and drying/ 

Ah extruded sheet, was manufactured by exactly the 
same procedure as in Example 1 (2) except that this 
crosslinked polymer which had been produced by 
emulsif ication polymerization was used instead of the 
crosslinked polymer that was produced in Example 1 (1) , 
and evaluations were made in the same way. 



60 pts.wt. 

30 -pts * wt 

10 pts ;wtv- * ' * 

1...5L-P-fcs. . wt:/: 
V- O.V3: pts^Ayt : : * * - 
. . 0 . 3 vpts 7 . w£V .:-.v" 
. * '* *-.:,. ;* 
1.5 pts.wtc 
■ 250 pts. wt. 
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The total light transmittance of this molded sheet 
was 89%, its haze value was 1.0, its specular gloss was 
107, and as its light diffusion - effect was 
unsatisfactory, it was not suitable as a lighting 
5 cover. 

Example 2 

The following compounds were charged into a 
10 reaction vessel which was the same as that used in 
Example 1. (1) , and a crosslinked polymer was produced' 
by the same procedure as in Example 1 (1) * 

Methyl methacrylate _; . ,35 pts.wt/r 

15 butyl methacrylate r 4 3.0. pts . wt . . . 

n- butyl acrylate «'-'" 30 pts.wt. • . : 

styrene . 5 pts.wt. 

allyl methacrylate 1.5 pts. wt. . 

n-octyl mercaptan 0.3 pts.wt. 

20 lauroyl peroxide 1.5 pts.wt . * • 
: tribasic calcium phosphate 1.0 pt.wt.. 

surfactant^ .0.01 pts.wt. • 

water \ ~\' • • 200 pts .wt . • 

25 . The-average . part i c 1 e . diameter of the crosslinked 

polymer that was obtained in the form of beads was 
approximately^ 90 :< 4 it's gel content was 77 wt%, and its 
swelling degicee^was 13. 

3 0 An extruded "sheet was manufactured by the same 

procedure as in Example 1 (2) except that this 

crosslinked polymer in the form of beads was used 

instead , of the - crosslinked polymer that was 

manufactured in Example 1 (1) , and evaluations were 

35 made in the same way. 

The total light transmittance of this extruded 
sheet was 85%, its haze value was 77, its 60-degree 
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specular gloss was 29, and its surface was uniform and 
extremely good. 

Reference Example 3 

The compounds that were used in Example 2 apart 
from allyl methacrylate were charged into a reaction 
vessel which was the same as that used in Example 1 
(I) , and an uncross linked polymer in the form of a 
powder was produced by the same procedure as . in Exarrqple 
1 (1) ; 

The average particle diameter of the" "crdsslinJced 
polymer that was obtained ~in* *th<5 form of beads -*was 
approximately 90 \x aihd its- 1 gel: "Gbilt?erit * was • "Q . .** . 

An extruded sheet was manufactured by";* the same 
procedure as in Example 1 * (2) except"* that this 
uncrosslinked polymer which haci hieen -produced • was used 
instead of the crosslihked polymer * that was 
manufactured in Example- 1 (1) , "and evaluations Were 
made in the same way. ' : " * * 

This molded sheiet had a slightly (illegible) 
feel, the degree r o£^ low, its 

60-degiree specular gloss/ at il5, T^was high, and it was 
unsuitable for applications such as* those of lighting 
covers, etc. 

Reference Example 4 ■ - 

Compounds which were the same as in Example 2 
except that 7 pts.wti, of allyl methacrylate was used 
were charged into a reaction vessel which was the same 
as that used in Example 1 (1) , and a crosslinked 
polymer in granular form was produced by the same 
procedure as in Example 1 (1) . 
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The average particle diameter of the crosslinked 
polymer that was obtained in the form of beads was 
approximately 90 p # its gel content was 96 wt%, and its 
swelling degree was 29. 

5 " . • 

An extruded sheet was manufactured by the same 

procedure as in Example*. 1 (2) except that this 

. crosslinked polymer which had been produced was used 

10 instead of the crosslinked * polymer that was 

manufactured in Example 1 (1) , and evaluations were 
made in the same way. 

Thia mbrded sheet had ; a rough and gritty surface, " 
•15 an - it was; unsuitable f or applications such as ' those of 
lighting covers, etc. • ■ V- 

Applicant for Patent : Mitsubishi Rayon KK * 
Agent- /: " T. Yoshizawa/ Patent 

Attorney ; '. : ' ' ~ ; T \' • ' 
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SPECIFICATION 

1 . Title of the Invention 

. Light-Scattering Acrylic Resin Composition 

2. Claim 

A light-scattering acrylic resin composition obtained by compounding 1-40 parts : 
by weight of a crosslihked polymer to lob'p^rts by weight of a methyl methacrylate 
polymer, where said crosslinked ; polymer ha^ a particle size .of 30-300 p and is 
obtained by polymerising 0.3-3 w t o/ 0 of a crosslinking monomer with a non- 
crosslinking monomer consisting of: 

10-90 wt% of an alkyl methacrylate in which the alkyl group has 1-4 carbons [1]* 

20-40 wt% of an aromatic vinyl monomer [2] • 

5-50 wt% of an alkyl acrylate in which the alkyl group has 1-8 carbons 

3. Detailed Description of the Invention 
Industrial field of utilisation 

The present invention relates to a light-scattering acrylic resin composition having - > 

optical characteristics suited to ifiglte^trs/etcji. these^optical characteristics being 
obtained by dispersing a light-scattering afgent in I an .acryiic resin, thereby providing a 
high degree of both light scatteringVhd 'nght transmission" 

Prior art . ; : 

Light-scattering acrylic resins; are valued and- used as moulding materials for a 
variety of moulded products designed to give a feeling of refinement, and are 
particularly valuable as materials for light covers and signs. 

Characteristics looked for in a light-scattering acrylic resin for use in application 
to' light covers are a high degree of light scattering and, simultaneously combined 
with this, a high degree of light transmission. The latter characteristic is a. quality that 
is particularly desired from the point of view of efficient use of electrical energy. 



* Numbers In square brackets refer to Translator's Notes appended to the translation. 
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To obtain a light-scattering resin it has been considered necessary to Indude an 
inorganic powder in the acrylic resin; and titanium oxide, barium sulphate, barium 
carbonate, calcium carbonate, silicon dioxide and calcium .fluoride are among the 
substances which have hitherto been used In nne powdered form as this inorganic 
5, powder. a 

Problem that the invention will solve 

However, although resins to which these fine powders have been added exhibit a 
high degree of light scattering, they have also had the shortcoming that light 
transmission is low. For example, a probiem encountered when such a resin is used 
»o as a light cover is that if the light scattering is increased sufficiently for the light 
source not to show through the cover, the optica, transmittance. decreases and the 
light appears less bright. 

Means for solving problem 

The present invention has been, devised with the object of solving the problem 
s described above. As a result of painstaking research, the present inventor has 
d,scovered a light-scattering: agent that is capable of increasing the light-scattering 
performance Without Irhpainng ; the light-transmission performance. The present 
invention is the outcome of this discovery. 

Namely, the light-scattering agent used in the present invention is a crosslinked 
> polymer of which the principal components are methyl methacry.ate pj, an acrylic 
aad ester, and.an aromatic vinyt monomer. The object of the invention is attained by 
m.x.ng and dispersing thjs c rossHnked polyrner in gn acry|ic rej _ jn 

A resin of which the principal component is in particular methyl methacrylate is 
ated.as the acrylic resin used in the present invention, and this will contain either a 
methyl me^ate hpmopolymer; or a copolymer consisting of methyl methacrylate 
and any one: or more of methyl acry.ate, ethyl acry,ate, n - P ropy, acrylate, isopropyl > 
acrylate, butyl^cryjate,, acrylonitrile, maleic anhydride, styrene or a-methylstyrene- ' 
or a mixture , ^ir.ethyi; methacrylate homopolymer and the above-described 
copolymer. With ; any. of the above-mentioned possibilities, the proportion of methyl 
methacrylate contained in,the resin is preferably 50 wt% or more. 

The crosslinked polymer which is the light-scattering agent in the present 
mvention is a polymer - with a particle size of 30-300 u and is obtained bv 
polymerising 0.3-3 parts [4] of a crosslinking monomer per 100 parts of a non- 
crosslfnking monomer consisting of 10-90 wt% f 5] of an alkyl methacrylate in which 
the alky. group has 1-4 carbons, 5-50 wt% of an alkyl acrylate in which the alkyl 
group has 1-8 carbons, and 20-40 wt% [6] of an aromatic vinyl monomer 
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1-40 parts by weight, and preferably 10-30 parts by weight, of the crosslinked ' 
polymer should be mixed to 100 parts by weight of the acrylic resin. 

Methyl methacrylate, ethyl methacrylate, propyl methacrylate and butyl 
methacrylate are representative examples of the alkyl methacrylate with an alkyl 
5 group of 1-4 [7] that is used in the above-described crosslinked polymer. Ethyl 
acrylate, butyl acrylate, 2-ethyIhexyI acrylate, etc. are representative examples of the 
alkyl acrylate with an alkyl group of 1-8. [8] Styrene, vinyl toluene, a-methylstyrene, 
halogenated styrene, etc. can be used as the aromatic vinyl monomer. Allyl 
methacrylate, triallyl methacrylate, etc. can be used as the crosslinking monomer. 

10 Effect of the invention 

f The light-scattering acrylic resin of the present invention is effective beyond all 
f previous expectations and will be extremely useful industrially in respect of its high 
; light scattering and high light transmission properties. 

& The terms "high light transmission" and "high light diffusion" [?] as used herein 
is indicate a performance in rf which total light transmittance is 90% or greater and haze 
is 85% or greater. • 

Taking as an example application of a material as a light cover, if^the total light 
transmittance is 90% or greater and haze is less than 85%, an image of the electric 
lamp under the cover is clearly visible, and hence a material with these properties 

20 cannot be used as a fight cover. Hitherto well-known materials have been unable to 
cover the region where total light transmittance is 90% or greater and haze is 85% or 
greater. That is to say, with such materials, if haze is made 85% or greater, the total 
light transmittance ends up decreasing to less than 90% and so a light cover made 
from these materials will inevitably appear less bright. The present invention 

25 overcomes this defect of the prior art. 

Embodiment! 

{ T) Preparation of crosslinked polymer 

The.Mtawng compounds were placed in a reaction vessel provided with a stirrer 
and a condenser: 
30 methyl' rhethacryJate • 58 parts 



styrene /"" 25 parts 

butyl acrylate •■ : .* • • 16 parts 

allyl methacrylate - • • 1 part 

n-octyf mercaptan 0.1 part 

35 lauroyl peroxide 2 parts 

polyvinyl alcohol 2 parts 

water. 250 parts 
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Polymerisation was carried out at 80°C for 4 hours while stirring this mixture. 
After this, the temperature was raised to 90°C and held for 1 hour. After cooling, the 
product was dewatered and dried to give a polymer powder. The mean particle size of 
the obtained powder was 100 p. 

5 (2) Preparation and evaluation of high light transmission, high light diffusion 

acrylic resin composition 

20 parts crosslinked polymer prepared in (1) above were added to 100 parts 
commercial acrylic resin powder (Delpowder 80N [10] manufactured by Asahi 
Chemical Industry), and after mixing in a Henschel mixer, the resin powder was 
10 passed through an extruder and pelletised, and the resulting pellets injection moulded 
to form a 2 mm thick sheet. The total light transmittance of this sheet was 94% and 
its haze was 87%. 

Embodiment 2 

( 1 ) Preparation of crosslinked polymer 
is ' In similar manner to Embodiment 1, the undernoted compounds were placed in a 
" : \ reaction vessel provided with a stirrer and a condenser and polymerisation carried out 
at 80°C for 3 hours under stirring. The temperature was then raised to 90°C and 
further polymerisation carried out for 3 hours. After this, the temperature was raised 
to 95°C and maintained for 1 hour. 

• 20 After cooling, the product was dewatered and dried to give a polymer powder. 

; The mean, particle size of the obtained powder was 110 p. 

methyl methacrylate * 33 parts 

. styrene •••••••• • 35 parts v - 

• butyl acrylate 30 parts 
: ^ -25 ally I methacrylate ••• • 2 parts 

'- : r • n-qctyl mercaptan " • 0.1 part ,. 

v v ^^ : a ^ 1 laurbyl peroxide- 2 parts 

^-c^ ' . ; polyvinyl alcohol 2 parts 

v water *" 250 parts 

30 (2) Preparation and evaluation of high light transmission, high light diffusion 

acrylic resin composition 

30 parts crosslinked polymer prepared in (1) above were added to 100 parts 

commercial acrylic resin powder (Delpowder 80N manufactured by Asahi Chemical 

Industry), and after mixing in a Henschel mixer, the resin powder was passed through 
35 an extruder and pelletised, and the resulting pellets injection moulded to form a 2 

mm thick sheet. The total light transmittance of this sheet was 91% and its haze was 

91%. 
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Comparisons 1-3 

Table 1 outlines the composition and properties of the embodiments described 
above, together with those of comparisons in which an inorganic powder was used 
instead of the crosslinked polymer. 

Table 1 





Acrylic resin 


Crosslinked 
copolymer 


Inorganic 
compound 


Total light 
transmittance (%) 


Haze 
(%) 


Embodiment 1 


100 parts 
Detpowder 80N 


20 parts 




94 


87 


Embodiment 2 


100 parts 
• Deipowder 80N 


30 parts 




91 


91 


Comparison 1 


100 parts 
Deipowder 80 N 




1.5 parts 
CaCO a 


66 


94 


Comparison 2 


100 parts 
Deipowder 80 N 




2 parts BaS0 4 


62 


94 


Comparison 3 


100 parts 
Deipowder 80N 




5 parts CaF 2 


73 


93 
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TRANSLATOR'S NOTES- 



In the amended claim, this range of 10-90 wt% is changed to 15-70 wt%. 

In the amended claim, this range of 20-40 wt% is changed to 25-35 wt%. 

Sic. However, according to the claim, this component is not specifically methyl 
methacrylate, but rather an alkyl methacrylate in which the alkyl group has 1-4 carbons. 

Sic. However, the claim gives this amount of crosslinking monomeras 0.3-3 ivt%. 

This range of 10-90 wt% is changed in the Amendment to 15-70 wt%. 

This range of 20-40 wt% is changed in the Amendment to 25-35 wt%. 

Sic. By "the afkyl methacrylate with an alkyl group, of 1-4", the writer presumably means 
"the alkyl methacrylate in which the alkyl group has 1-4 carbons". 

Sic. Similarly/ the phrase "the alkyl acrylate with an alkyl group of 1-8" is presumably an 
abbreviated way.of saying "the alkyl acrylate In which the alkyl group has 1-8 carbons". 

Sic. .Previous to this point in the Japanese specification, the property provided in 
combination with a high degree of light transmission has been termed "(a high degree of) 
light scatt^^ 

Sic. "Delpowder' 1 seems to be a discontinued product name. However, according to the 
Asian Specialty Chemicals Newsletter, Issue 13, June 1999, Asahi Chemical Industry 
produced PMMA under its Plastic Chemical and Rubber Materials Division, under the 
trademark Delpet®. 




1. 
2. 
3. 

4. 
5. 
6. 
7. 



,10. 
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Translation of Amendment to JP 61-159440 A 

Amendment Filed in Accordance with the Provisions of 
Section 17 bls of the Japanese Patent Law, and published 15 April 1992 

An amendment was filed, in accordance with the provisions of Section 17 bls .of the 
Japanese Patent Law, in respect of Patent Application No. 150 of 1985 (published 19 
July 1986 under Publication No. 61-159440), The amendment is reproduced below, 

AMENDMENT {Published 15 April 1992) 

' Date of filing of amendment: 20 December 1991 

¥ To: Director-General of the Patent Office 

^ 1 . Case Identification 

f " Patent Application No. 150 of 1985 

2. Title of the Invention 

Ught-Scattering AciyHc Resin Composition 

3. Person Filing Amendment 

Relation to Case: Applicant: Asahi Chemical Industry Co., Ltd. 

4. Parts Amended 

, TTi'e sections "Claim n and "Detailed Description of the Invention" of the 
specification. 

5. Substance of the Amendment 

The specification is amended as follows. 

(1) The claim is amended as follows: 

XA ligHt^tattering acrylic resin composition obtained by compounding 1-40 parts 
by weight of a crosslinked polymer to 100 parts by weight of a methyl rnethacryfate 
polymer, wherelsaid crosslinked polymer has a particle size of 30-300 p and is , . . 
obtained by polymerising 0.3-3 wt% of a crosslinking monomer with a non- 
crosslinking monomer consisting of: 

15-70 wt% of an alkyl methacrylate in which the alkyl group has 1-4 carbons 

25-35 wt% of an aromatic vinyl monomer 

5-50 wt% of an alkyl acrylate in which the alkyl group has 1-8 carbons, [l]* 



* Numbers in square brackets refer to Translator's Notes appended to the translation. 
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(2) "10-90" in line 14 of page 4 is amended to "15-70". [2] 

(3) "20-40" in line 16 of page 4 is amended to "25-35". [3] 

(4) The following is inserted between line 19 and line 20 of page 4: [4] 

"An increase in the aromatic vinyl monomer, which is a non-crosslinking 
monomer, has the following effect on the characteristics of the light-scattering acrylic 
resin: namely, there is a tendency for haze to increase and for the total light 
transmittance to decrease. That is to say, if the aromatic vinyl monomer exceeds 35 
wt%, haze is 85% or greater, but the total light transmittance becomes less than 
90%. If the aromatic vinyl monomer Is less than 25 wt%, the total light transmittance 
is 90% or greater, but haze becomes less than 85%. Consequently, in order to make 
haze 85% or greater and total light transmittance 90% or greater, the aromatic vinyl 
monomer has to be 25-35 wt%. n 

(5) The following is inserted between line 6 and line 7 of page 9: [5] 

"Embodiments 3 and 4 

Other than, using the crosslinked polymer compositions shown in Table 1, 
approximately the same operations as in Embodiment 1 were carried out. The results 
are shown in Table 1." 

(6) The following is added after line 9 of page 9: [6] 
"Comparisons 4-7 

Other than, using the crosslinked polymer compositions shown in Table 1, 
approximately the same operations as in Embodiment 1 were carried out. The results 
are shown in Table 1." 

(7) Table'; 1 on page 10 is amended to Table 1 given on the accompanying sheet. 
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TRANSLATOR'S NOTES 

1. ^ I reproduce the underlining that is used in the Japanese amendment to indicate which part 

or parts of the original text have been changed in the amended version. 

2. This corresponds to line 34 of page 2 of the translation of the Japanese specification. 

3. This corresponds to line 36 of page 2 of the translation of the Japanese specification. • 

4. The corresponding insertion position in the translation is before the paragraph beginning 
on line 1 of page 3. 

5. The corresponding insertion position in the translation is before the section beginning on 
line 1 of page 5. 

6: The corresponding insertion position in the translation is after line 4 on page 5. 
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(54) Tinted acrylic resin sheets ^ 

(57) Tinted acrylic resins, most preferably sheets, with zones of different colour on one surface are produced by bulk . 
pohrmerisatioh of a matrix polymer precursor which is homogeneously tinted in the presence of a ground, also tinted, acrylic 
resin.whbh differs in colour from the matrix polymer. The tinted acrylic resin settles in the base region of the chamber, and 
when finally the polymerised object Is removed from the mould, zones of different. colour are present on the underside givmq 
the overall impression of a ^tone structure'. Thacoloured structure is retained even; after tempenng and moulding, for 
"example, in the formation of sanitary ware. ;. . ;."..?v--~ - y T " v 
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54 094.501 

Tin-ted Aervlic Resins 

The invention relates to tinted acrylic resins, in 
particular a process for the preparation thereof* More 
particularly it relates to a process for producing 
coloured polyacrylate articles such as sheets, 
particularly polyalkylmethacrylate sheets having zones 
of different colours on a surface thereof. 

There are available in the art colouring agents for 
tinting synthetic resins in almost any desired manner. 
In many cases, it is, however, desirable to tint the 
visible surface of the synthetic resin in different 
colours. The aim may be to produce plastic surfaces 
with randomly incorporated "islands" which differ from 
the basic resin by a particular colour or brightness, or 
to produce coloured patterns of a predetermined geometry 
on the surface of the pl.aistic.; In certain fields of 
application/ e.g. in the^jsanitary ware sector, it was 
well known to produce ceramic materials with differently 
coloured tints , which were frequently known by. the term 
"rustic decor" . ' •: . •'. . ■ . '-'r. - ": *'/ 

DE-PS-693 824 proposes a process for embedding dyestuff- 
containing layers in moulded ^ from 
liquid polymerisable organic -compounds.. In this process 
dyestuff-containing layers which contain a binder 
insoluble in the compounds to-be polymerised, are 
applied to the wall of the polymerisation mould and 
after the compound to be polymerised has been poured in, 
polymerisation is. carried out in known' manner. DE-A-30 
23 964 proposes a process for producing dyestuff- 
containing zones in acrylic and methylacrylic resins 
near the surface thereof in the course of the polymer- 
isation of the monomers and pre-polymers forming the 
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resins in the polymerisation chambers which shape the 
objects. In this process , first a dyestuff homogeneously 
distributed in a binder is applied as a coating to the 
wall of the shaping polymerisation chamber, the binder 
being soluble or at least swellable in the liquid resin 
or in its precursors. After the monomers and/or 
prepolymers which are to be polymerised have been 
introduced, polymerisation is carried out in a manner 
known per se . 



EP-A-2 108 discloses tinted acrylic sheets which contain 
an unevenly distributed inorganic pigment and an evenly 
distributed dyestuff. The particles of the unevenly 
distributed pigments are concentrated predominantly on 
15 one; surf ace of the sheet, whilst the opposite surface, 1:;:^ 
which is preferably substantially free from pigment, is 
still visible. This produces a 3-dimensional impression 
of depth in the -tinting of acrylic glass. 

20 EP-B-60935 relates to a process for producing objects ; . v ^ 

from plastics based on acrylic and/or methacrylic resin,. 
\ the surf ace of which has zones of different colours. 

the course of conventional chamber polymerisation; : ^ - 

dyestuff- containing bead polymers are added to the \. 

25 aery late or methacrylate monomers and prepolymers /:;';,;;^ is ^ 
contained in the chamber, then polymerisation of the, 
monomers is carried out and finally they are removed ; 
from the mould. The acrylic or methacrylic resin may , , j v>'-. 
also contain dyestuff . The sheets produced by this - 

30 .method can also be deformed in conventional manner. The 
teaching of EP-B-60935 results in interesting products 
which thoroughly satisfy the expectations of the art 
with regard to this type of object. However, the 
requirements with regard to pattern and structure of the 

35 objects (which means mainly their surfaces) are many and 
varied, which means that one cannot expect to satisfy 
all the requirements using a single technical method. 
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Traditionally^ people have surrounded themselves with 
ceramics and stone as materials in varying forms and 
decorated in different ways. The development of 
5 plastics has further increased the possibilities with 
regard to material properties and appearance. Thus, in 
the early days, plastics such as acrylic resins with a 
superficial marble appearance were produced. Synthetic 
resins have also acquired considerable importance as 

10 binders for mineral materials in synthetic stone, 

polymer concrete and the like. The existing range of 
possibilities appeared to be in need of expansion, 
particularly in the direction of surfaces emphasising a 
mineral, stone-like impression. It has how been found 

15 that the acrylic resin articles, preferably sheets _ 
produced by the process according to the present 
invention have surf aces which come very close to these . 
guiding principles. 

20 In one aspect the present invention therefore provides 
a method for producing a tinted acrylic: refi^, sheet f 
having zones of different colour on one "surface thereof , 
said method comprising V 

a) homogeneously tinting the precursor of a matrix 

25 polymer; ■ ■ '^^'^./'■^ ,7 

b) distributing in the matrix polymer precursor a 
ground, acrylic resin tinted with a coiour^ ; >^ 
different to that of the matrix polymer 

c) effecting polymerisation of the matrix polymer 
30 containing the acrylic resin in a polymerisation 

vessel, whereby the acrylic resin is deposited in " 

the base region of the vessel. 

The polymerization is preferably radical 
polymerization. 
35 Generally, the content of ground, tinted acrylic 

resin in the tinted acrylic resin sheets according to 
the invention is conveniently from 1 to 20% by weight, 



4 



preferably 2 to 10%, more preferably 2 to 5% by weight . 

The procedure according to the invention might initially 
appear to be a backward step when compared with the 
5 prior art, including as it does a more complicated 
method of producing the acrylic resin which is to be 
added in order to bring about the differentiation of 
colour in the end product ♦ The grinding process in 
particular requires equipment which is satisfactory from 

10 the point of view of operational hygiene and safety 
(because of the risk of dust explosions). (See H. 
Rumpf, Kunststoffe 44^, page 43, 93 , (1954) ). However, 
irrespective of this, the process according to the 
present invention nevertheless results in polyacrylate 

15 sheets: which unexpectedly meet the requirements of the " 
art for plastics with a stone-like appearance to a high 
degree. 

Suitable precursors of the matrix material or matrix 

20 polymer* for the tinted; acrylic resin sheets prepared 

according to the invention include the known prepolymeirs 
and syrups based on acrylic resin and the acryla%^ or 
methacrylate monomers and mixtures which contain the :; 
monomers. They may be synthesised predominantly from 

25 esters of acrylic oir methacrylic acid, particularly ^ 
methylmethacrylate as monomer. In addition, o^ec co^ 
polymerised monomers such as styrene and the alkyj^i^d 
derivatives thereof, such as a- and p- methyistyr^e,^ 
vinylesters of carboxylic acids such as vinylacetate',; ^ 

30 amides of acrylic or methacrylic acid or acryionitril^ 
. may be co-polymerised, usually in amounts of less. than ; 
50% by weight, e.g. from 0 to 40% by weight, for example 
5 to 30% by weight, based on the total monomer content, 
(see Ullmanns Encylopadie der Techn. Chemie, 3rd 

35 edition, volume 14, pages 109 and 110, Urban and 
Schwarzenberg) . 
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Examples of suitable esters include, apart from methyl - 
methacrylate (MMA) , the methyl ester of acrylic acid, 
the ethyl, butyl, 2-ethylhexyl, cyclohexyl and phenyl 
esters of acrylic and methacrylic acid. Other suitable 
5 compounds include amides such as acrylamide or 
methacrylamide, N-methylolacrylamide and - 
methacrylamide, and optionally also the acids or salts 
of acrylic and methacrylic acid. 

10 The content of MMA in the matrix polymers is preferably 
more^than 50% by weight, more preferably more than 80% 
by weight, especially more than 90% by weight and upto 
substantially 100% by weight, based on the total monomer 
content. The choice of monomers will depend V on the 

15 fields of application and the requirement profiles of 

the plastics in question. Primarily, the material will 
be used for moulded objects in the fields of 
engineering, sanitary ware and household items. These 
require; inter alia . plastics which are distinguished by 

20 . being insoluble in conventional solvents as well as 

haying favourable mechanical properties ^ possibly a high 

• w impact strength. As a guide, a ViCAT value for the 

matrix polymer (according to DIN 53 4 60) of more than 
100 *C would be required. : v 1 

25 . ; ' ~ ■ ■ _ , _ • /. ' '" . , ~ - - ;;.;/:;_. ' • . 

Cross-linking monomers such as ethylene glycol dimethyl 
aery late, l,4-butanedioldimetbacrylafee,:r,triglycoidi-^ 
methacrylate , trimethylolpropanetrime^acjrylate or ally 1 
compounds, such as allylmethacrylate, triallylcyanurate 

30 or triallylisocyanurate may conveniently, be .present. 

The polymerisation may be carried out in a manner known 
per se using the experiences of the art (see H. Rauch- 
Puntigam and Th. Volker in "acryl- und Methacryl- 
35 verbindungen" , Springer- Verlag 1967 and J. Brandrup - 
E.H. Immergut, Polymer Handbook, 2nd Edition, Wiley- 
Interscience (1975)). Similar techniques have already 
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been described in outline in German patent No. €39 095. 
The initiators for polymerising polymer isable double 
bonds such as those in acrylic monomers, styrene and 
derivatives thereof, esters of vinyl compounds, may 
include for example peroxide or azo compounds in the 
conventional quantities. The molecular weight may be 
controlled by means of the known regulators in the 
concentrations known per s& . Organic sulphur compounds 
are, for example, suitable regulators. The degree of 
polymerisation and hence the molecular weight of the 
resin molecules produced can be adjusted, as is well- 
known, by means of the concentration of initiator and/or 
regulator. Thus, during the polymerisation of acrylic 
resins,, 0.01 to 1.0% by weight of initiator wil1 - 
conveniently be used. The quantity of regulators added 
is conveniently between 0.01 and 0.5% by weight, "~ 
preferably between 0.05 and 0.2% by weight. In general, 
the molecular weights (Hw) of the matrix polymers are in 
the range from 2 10 s to 5 . 10 B . 

in the majority of cases the matrix polymer .is Weakly \ 
cross-linked, the Vicat softening temperatu«ec ; .Caccording 
to Dm ; 53 460, method B) is generally aboveV loo^ci The 
polymerisation mixtures may also contain adjuvants known 
per_se, such as UV-absorbers , plasticisersy thermo- 
? stabilisers, antioxidants, .flame, retardanti:^^^': - ' 

The preferred method of polymerisation is bul^'p^l^m^r- . 
isation, particularly by the chamber method* (se-e-<Th. - 
Volker, H. Rauch-Puntigam" , Acryl- und MethacrylF . - \: 
verbindungen", Springer-verlag, 1967) . With a't^icai^ 
mixture, for example, the starting materials may be a 
syrupy poly— methylmethacrylate ( FMMA) prepolymer with a 
conversion of about 20% and an average molecular weight 
of 250,000 g/Mol. Advantageously, the matrix polymer is 
tinted by the addition of one or more suitable colouring 
pigment pastes to the prepolymer mixture, preferably 
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15 



20 



♦ 25 



30 



35 



with mechanical distribution by stirring. (For the 
production of the pigment pastes see below) . Generally, 
the dyestuf f content of the matrix polymer will not 
exceed 2% by weight ; in the majority of cases it should 
range from 0.3 to 0.8% by weight. The prepolymer - 
mixture, for example the above-mentioned syrupy EMMA 
prepolymer, expediently already contains the radical 
initiator, such as azo-isobutyronitrile (about 0.8 parts 
by weight) and preferably the cross-linker, for example 
trial lylcyanurate in quantities of about 5 parts by 
weight to 1000 parts by weight of prepolymer. 

Basically, the technology described above for. producing 
the matrix polymer can also; be used" produce^ the 
tinted acrylic resin which is subsequently grounds 
Similarly, the same starting compounds such as monomers 
and prepolymers may be used as starting materials, but 
there are certain limits with regard to the particular 
composition, without having a clearly negative effect on 
the mechanical properties of the ^end products . ; - ; ; 

in contrast to the matrix pbiymeT^Ln which (weak) cross- 
linking may be advantageous, the tinted acrylic resin is 
generally not cross-linked. The. tinting of the acrylic 
resin is also advantageously car xi^d cut, using colouring 
pigment pastes which are introduced- into the -.; 
polymerisation mixture for the' acx?yiic' resin with . * 
mechanical distribution, pre ferably^i^ stirring, and 
are usually homogeneously distributed . The dye-stuffs 
or pigments suitable for colouring • ar ; e known (see 
Vieweg-Esser, Kunststof f-Handbuch, Vol, IX; ~\ 
••Polymethacrylate" Carl Hanser Verlag, 1975; H. Batzer, 
-Polymere Werkstoffe", Vol. II, Technologie 1; page 337^ 
353, Georg Thieme Verlag, 1984). 

Once again, the polymerisation is conveniently carried 
out by the bulk polymerisation method of the prior art. 
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Expediently, polymerisation may be carried out in a 
suitable vessel, e.g. by the chamber method. As a 
guide, a temperature of about 45 m C (e.g. when azo- 
isobutyronitrile is used as initiator) and a duration of 
about 15 hours are required. Conveniently, temperature 
adjustment is subsequently carried out, for example at 
about 115 + 5*C in a circulating air cupboard. 

The articles, e.g. sheets obtained are comminuted, more 
particularly ground to the required degree of fineness 
of the ground material in a manner known per se (see H. 
Rumpf> loc.cit, H. Batzer "Polymere Werkstof f e"> Vol . 
II, Technologie 1, 105-111 Georg Thieme yeriag, .1984) . ^ 
The particle size and particle size diste^ution will 
expediently depend on the intended; ^e^^ In;" genera^ ^JAe 
particle size range (diameter) which is of interest 
within the scope of the present invention is between 
0 and about 5 mm, preferably 0.001 to about 5 mm, more 
preferably 0. 0± to about 3 ± 1 mm,' whilst the smaller 
particles (smaller than 0.1 mm) may possibly contribute 
less to the overall impression of "stone structure" than 
to the overall impression of colour^" A particle 
fraction larger than O-l . 0 mm will give a significantly 
finer, "stone structure" than a fraction ranging from 
less than 0 .1 mm to 3 .0 mm. , Grinding yith a cross 
beater mill for example, has pro^d^sa^:s.f actory * The 
particle fractions can be separated?^nj|e: ^ual way> y 
for example by screening (see T^^^^^^ 1 ^^ 3 - 
of Chemical Technology 3rd edition/ Vbi ;^il, page ai4 J. 
Wiley 1983.) Generally, the proportion^; ground tinted 
acrylic resin in the coloured acrylic resin sheets, i.e. 
the finished product, is from 1 to 20% by weight. The 
acrylic resins may usefully be incorporated and .. 
distributed in the matrix polymer by stirring, for 
example using a stirring mechanism at a speed of 300- 
1000 rpm. 
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The preparation and use of the colouring pigment pastes 
is known per se and constitutes a preferred method of 
colouring polymers (see H. Balzer "Polymere Werkstoffe" 
5 loc.cit, page 349). The dyestuff , more particularly the 
pigment or pigments together with the polymer, here 
preferably PMMA and the monomer, preferably 
methylmethacrylate, is triturated with the aid of a 
fast-operating disperser. The content of dyestuff is 
10 conveniently in the range of 10 to 70% by weight, 
preferably between 25 and 50% by weight. 

When tinting to give an overall impression of "stone 
structure 11 , black pigments and rwhite pigments will 
15 naturally play a decisive part • 1 r 

The white pigments used are advantageously titanium 
dioxide, zinc sulphide (Sachtolith) witb a blueish white 
colour, the mixed pigment Lithopone R and in addition 

20 antimony trioxide , as well as calcium carbonate arid 

sulphate, barium sulphate,: talc, kaolin and the like-; 
The black pigments used are predominantly carbon black, 
whilst in the case of objects which will come into 
contact with food, a maximum 0.15% by weight of 

25 fractions which are capai^£eK of "Being, extracted with 
toluene may be present/ ^ 7 \ ; 

1 Yellow' or -'red colouring is^ Safely achieved by the use of 
suitable iron oxide pigment," whilst blue or green tones 
30 may be produced using ultramarine pigments and cobalt 
pigments . 

Acrylic resin articles, e.g. sheets can be produced 
according to the invention which have zones of different 
35 colours on the (original) underside, lending a stone- 
like appearance. In the embodiment described by way of 
example, a surface is thus obtained with a plurality of 
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small black and white flecks with jagged contours on a 
brown background colour, for example. The coloured 
structure is retained even after tempering and moulding 
to form an item of sanitary wear. By a suitable choice 
of particle size and nature of the colouring, the 
character of "stone structure" can be adjusted between 
very fine and rather coarser and the shade of colour can 
be adjusted from predominantly white to coloured or 
black, i 

The examples which follow serve to illustrate the 
invention in a non-limiting manner. The "parts" 
specified are parts by weight. The molecular weight can 
be determined using gel permeation chromatography. 
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EXAMPLES 



A) PRODUCTION OF PIGMENTED GROUND PMMA PARTI CI3CS FOR 
COLOURING ACRYLIC GLASS WITH A STONE— LIKE DECOR . 

5 

pvamole 1 

• 0.8 parts of 2,2 '-azobis-(isobutyronitrile) are stirred 
into 1000 parts of a syrupy PMMA prepolymer with a 

10 conversion of 20% and an average molecular weight MW of 
250 , 000 g/Mol. From a mixture of 15 parts of a white 
pigment and 4 parts of a soluble PMMA resin, a pigment 
paste is triturated using known methods with r 40 r parts of 
methylmethacrylate and using, a -fast ^perat^^disperaer^ ^ 

15 and the pigment paste is added to. the. abbv^ mixt^e,, with 
stirring- The mixture is transferred into a chamber 
measuring 40 by 50 cm and 4 mm thick. Polymerisation is 
carried out for 15 hours at 45* C and subsequently the 
polymer is adjusted to a temperature of 115 '.C in a 

20 circulating air cupboard. The white Pm sheet obtained 
is then ground up in a cross beater mill . ; The particle 
distribution ranges from less than 0.1 mm to about 3-0 
mm. If necessary/ individual factions may be screened 
off. - ^ : ;/: v /:... v-V'" 



25 



fty ample 2 



The same procedure as example ^ i^^adopted except that 
the pigment paste is triturated wit^ , 0,2 % of a black 
30 pigment. A black ground powder is obtained 

B) f-fETHOD OF PRODUCING COLOURED. PAT TERNED ACRYIiIC 
GIASS FOR USE IN SANITARY WARE. / 

35 Example 3 

0.8 parts of 2, 2 ■ -azobis- (isobutyronitrile) and 5 parts 
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of triallylcyanurate arc stirred into 1000 parts of a 
syrupy PMMA prepolymer with a conversion of 20% and an 
average molecular weight MW of 250 r 000 g/Mol. From a 
mixture of 5 parts of a white pigment and 5 parts of a 
brown pigment and 0.3 parts of a black pigment, the 
pigment paste is triturated using known methods with 4 
parts of a soluble PMMA resin and 40 parts of methyl- 
methacrate using a fast-operating disperser and the 
pigment paste is added to the above mixture with 
stirring. 20 parts of the ground white substance from 
Example 1 and 20 parts of the ground blacOc substance 
from Example 2 are added to this basic mixture , stirring 
is continued for about 15 minutes and this mixture is 
transferred into a chamber measuring 40 by 50^ cm and 4 
mm thick. Polymerisation is carried out at - for 15 

hours and the chamber is then adjusted to a temperature 
of lis* C for 5 hours in a circulating air cupboard. A 
PMMA plate is obtained which, on its underside, has a. 
uniform distribution of small black and white jagged 
points on a brown background. After temperature v 
adjustment and moulding into an articlerof .sanitary; < : : 
ware, the coloured structure isf -retained. - ^ 

Evample 4 

The same procedure as Example ~3 is ^do^€ed^-/ except ^triat- 
the pigment paste is obtained from ^mixture of 2l5 : 
parts of a brown pigment and 2.5 parts^pf aT blaclc 
pigment. The ground particles consisM^O parts from 
Example X (the screened particle fraction from riore than 
0 to 1.0 mm) and 20 parts from Example^ ( the ^screened 
particle fraction from > 0 to 1.0 mm). A dark-brown 
PMMA is obtained which on its underside has a uniform 
distribution of black and white irregular points and 
jagged dots. The structure is considerably finer than 
that of Example 3. 
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ample 5 

The same procedure as Example 3 is adopted, except that 
the pigment paste is obtained from a mixture of 10 parts 
5 of a white pigment, 0.1 parts of a brown pigment and. 0. 1 
parts of a black pigment. The mixture, analogously to 
Example 4, is added as ground material. A PMMA sheet is 
obtained which has on its underside a uniform 
distribution of black and white irregular jagged dots on 
10 a grey background. _ ~_ : - 
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claims ; 

1. A method for producing a tinted acrylic resin 
article such, as a sheet having zones of different colour 
5 on one surface thereof ^ said method comprising 

a) . homogeneously tinting the precursor of a matrix 

polymer; 

b) distributing in the matrix polymer precursor a 
ground, acrylic resin tinted with a colour 

10 different to that of the matrix polymer; 

c) effecting polymerisation of the matrix polymer 
containing the acrylic resin in a polymerisation 
vessel, whereby the -acrylic r^ in -is^ deposited in 
the base region of -the j^ss^/^^d-^-^. • ■' ■ 

d) removing the final article £rqm - the mould • 
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2. A method as claimed in claim 1 wherein said 
polymerization is bullc polymerization. 

3 . A method as claimed in, claim 1 . or claim 2 wherein 
said polymerization is r ^f footed- in a shaping 
polymerization chamber^ ^ V 

4. A method: as claimed in claim 3 wherein the acrylic 
resin settles in thfe^ase^egipn of said, chamber/ and a 
sheet product is- removecl from the moujd. 



5. A method as clato^d^^*T^riy of ■ the preceding claims 
wherein the acrylic resin has a particle size in the 

30 range 0.001 to about S mm diameter. 

6. A method substantially as herein described with 
reference to the Examples . 

35 7. A tinted acrylic resin sheet when prepared by a 
method as claimed in any of the preceding claims. 
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